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1853.  Bonayne,  Joseph  P.,  4  Harbour  Hill,  Queenstown. 

1856.  Bouse,  Frederick,   Great  Northern  Bailway,   Looomotiye   Department, 

Leeds. 

1867.  Boutledge,  William,    New    Bridge    Foundry,    Adelphi    Street,   Salfonl, 

Manchester. 

1860.  Bumble,  Thomas  William,  6  Broad  Street  Buildings,  New  Broad  Street, 

London,  E.G. 

1847.  Bussell,  John  Scott,  20  Great  George  Street,  Westminster,  S.W. 
1863.  Byder,  William,  Bark  Street,  Bolton. 

1859.  Sacre,  Charles,  Looomotiye  Superintendent,  Manchester  Sheffield  and 

Lincolnshire  Bailway,  Gorton,  near  Manchester. 

1859.  Salt,  George,  SaJtaire,  near  Bradford,  Yorkshire. 

1848.  Samuel,  James,  26  Great  Geoige  Street,  Westminster,  S.W. 

1857.  Samuelson,  Alexander,  27  Comhill,  London,  E.G. 
1857.  Samuelson,  Martin,  Scott  Street  Foundry,  Hull. 

1861.  Sanderson,  George  Grant,  Parkgate  Iron  Works,  Botherham. 
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18G0.  Soimeider,  Hemry  WiDiam,  Uhreratone  Hsematite  Iron  Works,  Bairow, 
near  UlTerBtone. 

1858.  Soott,  Joseph,  Messrs.  B.  &  W.  Hawthorn,  Forth  Banks,  Newcastle-on-Tyne. 

1861.  Soott,  Walter  Heniy,  Maoritina  Bailways,  Looomotiye  Department,  Fort 

Louis,  MauritiTis :  (or  Hilton  Boad,  Fewsey.) 
1857.  Selby,  George  Thonuu,  Smethwick  Tabe  Works,  Birmingham. 

1850.  Shanks,  Andrew,  6  Bobert  Street,  Adelphi,  London,  W.C. 
1868.  Sharp,  Heniy,  Bolton  Inm  and  Steel  Works,  Bolton. 

1862.  Sharpe,  ¥^lliam  John,  1  Yiotoria  Street,  Westminster,  S.W. 

1856.  Shelley,  Charles  Percy  Bjsahe,  21  Farliament  Street,  Westminster,  S.W. 

1861.  Shepherd,  John,  Union  Foondiy,  Hnnslet  Boad,  Leeds. 
1859.  Shnttleworth,  Joseph,  Stamp  End  Works,  Lincoln. 

1851.  Siemens,  Charles  William,  8  Great  George  Street,  Westminster,  S.W. 

1862.  Siemens,  Frederick,  13  Beaufort  Boad,  Edgbaston,  Birmingham. 

1868.  Silvester,  John,  Messrs.  George  Salter  and  Co.,  Spring  Balance  Works, 
Westbromwich. 

1862.  Simpson,  William,  Conservatiye  Club,  St.  James'  Street,  London,  S.W. 
1847.  Sinclair,  Bobert,  Great  Eastern  BaUway,  Stratford,  London,  E. 

1857.  Sinclair,  Bobert  Cooper,  19  Temple  Street,  Birmingham. 

1859.  Slater,  Isaac,  Gloucester  Wagon  Company,  Gloucester. 

1853.  Slaughter,  Edward,  Avonside  Iron  Works,  Bristol. 

1859.  Smith,  Charles  Frederic  Stuart,  Mining  Engineer,  Midland  Boad,  Derby. 

1854.  Smith,  Geoi^,  Wellington  Boad,  Dudley. 

1860.  Smith,  Henry,  Brierley  Hill  Iron  Works,  Brierley  BUI. 

1858.  Smith,  Isaac,  36  Lancaster  Street,  Birmingham. 
1860.  Smith,  John,  Brass  Foundry,  Traffic  Street,  Derby. 

1857.  Smith,  Josiah  Timmis,  Ulverstone  Haematite  Iron  Works,  Barrow,  near 
UlTerstone. 

1859.  Smith,  Matthew,  Caledonia  Wire  Mills,  Hali&x. 

1860.  Smith,  Bichard,  The  Priory,  Dudley. 

1857.  Smith,  William,  19  Salisbury  Street,  Adelphi,  London,  W.C. 

1863.  Smith,    William    Ford,    Gresley    Iron   Works,    Ordsal    Lane,     Salford, 

Manchester. 

1857.  Snowdon,  Thomas,  147  High  Street,  Stockton-on-Tees. 

18S9.  Sokoloff,  Capt.  Alexander,  Engmeer,  Bussian  Imperial  Service,  Steam 
Marine  Department,  Cronstadt,  Bussia :  (or  caro  of  Messrs.  W.  Collier 
and  Co.,  2  Greengate,  Salford,  Manchester.) 

1863.  Sofmerville,  Wallace  Cochrane,  Spon  Lane  Iron  Foundry,  Westbromwich. 

1858.  Sdrensen,  Bergerius,  Engineer-in-Chief,  Boyal  Norwegian  Navy  Depart- 

ment, Horten  Dockyard,  Norway :   (or  care  of  Messrs.  Tottie  and  Sons, 
2  Aldennan's  Walk,  Bishopsgate  Street,  London,  E.C.) 
ISSe.  Spencer,  John  Frederick,  8  St.  Nicholas  Buildings,  Newcastle-on-Tyne. 
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1868.  Bpenber,  Thomas,  Old  Pack  Works,  near  Shiffioal. 

1854.  Spencer,  Thomas,  Newbum  Steel  Works,  NewcasUe-on-Tyne. 

1862.  Stableford,  Williaim,  Oldbmy  Carriage  Works,  near  Binnmgham. 

1859.  Stewart,  Charles   P.,  Messrs.  Sharp  Stewart  and   Ca,  Atlas  Works, 

Manchester. 

1851.  Stewart,    Jotm,    Blaokwall    Iron    Works,    Bossell    Street,    Blackwall, 

London,  B. 

1857.  Stokes,  Lingard,  86  Carey  Street,  Linooln's  Inn  Fields,  London,  W.C. 
1868.  Storey,  John  Henry,  Knott  Mill  Brass  and  Copper  Woxks,  Little  Peter 

Street,  Manchester. 
1862.  Strong,  Joseph  F.,  Besident  Engineer,  East  Indian  Bailway,  Cawnpore, 

India. 
1861.  Snmner,  William,  21  Clarence  Street,  Manchester. 

1860.  Swindell,  James  Bvers,  Parkhead  Iron  Works,  Dndley. 
1859.  Swingler,  Thomas,  Victoria  Fonndzy,  litohnrch,  near  Derby. 

1861.  Tangye,  James,  Cornwall  Works,  Clement  Street,  Birmingham. 

1859.  Tannett,  Thomas,  Victoria  Fomidry,  Leeds. 

1861.  Taylor,  George,  Clarence  Iron  Works,  Leeds. 

1858.  Taylor,  James,  Britannia  Engine  Works,  Cleveland  Street,  Birkenhead. 

1862.  Taylor,  John,  Mining  Engineer,  6  Qneen  Street  Place,  Upper  Thames 

Street,  London,  B.C. 
1862.  Taylor,  Richard,  Mining  Engineer,  6  Queen  Street  Place,  Upper  Thames 

Street,  London,  E.C. 
1857.  Thompson,  John  Taylor,  Messrs.  B.  and  W.  Hawthorn,  Forth  Banks, 

Newcastle-on-Tyne. 
1857.  Thompson,  Bobert,  Haigh  Foimdiy,  near  Wigan. 
1862.  Thompson,  William,  Spring  Gardens  Engine  Works,  Newcastle-on-Tyne. 

1852.  Thomson,  George,  Crookhay  Iron  Works,  Westbromwich. 

1861.  Thwaites,    Bobinaon,  Vulcan    Iron   Works,  Thornton    Bead,   Bradford, 

Yorkshire. 

1862.  Tijon,  William,  2  Dartmoath  Street,  Westminster,  S.W. 

1861.  Tipping,  Isaac,  H.  M.  Gon  Carriage  Mannfiactory,  Madras,  India:  (or  care 

of  H.  Tipping,  Bridgewater  Fonndry,  Patricroft,  near  Manchester.) 

1862.  Tohne,  Julian  Horn,  19  Dnke  Street,  Westminster,  S.W. 

1863.  Tomlinson,  Edward,  Miles  Platting  Works,  Ehn  Street,  Manchester. 
1857.  Tomlinson,  Joseph,  Jim.,  Locomotive  Snperintendent,  Taff  Vale  Bailway, 

Cardiff. 
1856.  Tosh,  George,  LooomotiTe  Superintendent,  Maryport  and  Carlisle  Bailway, 
Maryport. 

1860.  Townsend,  Thomas  C,  16  Talbot  Chambers,  Shrewsbuiy. 
1868.  Townsend,  William,  West  Orchard,  Coventry. 
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188a.  Tioward,  Chailes,  Grat  Northflm   Baflway,  Looomotird  Depttrfcment, 

Doocaster. 
1856.  TroM,  Thomas,  Sfazewsbmy  and  Cheater  Bailway,  Oamage  Department, 

Cheater. 
1869.  Tomer,  Edwin,  Bowling  Iron  Works,  near  Bradford,  YoricBhire. 
1866.  Trier,  Cvpk,  Heuy  Wheeiley,  B.E.,  Bailway  Department,  Board  of  Tcttde, 

Whitehall,  Londoa,  8.W. 

1868.  ITpwaid,  Alfred,  Engineer,  Chartered  Gaa  Company,  146  GosweQ  Street, 
London,  E.C. 

1862.  YaTaeaeor,  Jonah,  28  Gravel  Lane,  Soathwark,  London,  S.E. 
1856u  Yemon,  John,  Iron  Ship  Building  Yard,  Bronswick  Dock.  LiverpooL 
1861.  YicdcerB,  Thoma»  Edward,  Don  Steel  Works,  Sheffield. 

1856.  Waddington,  John,  New  Dock  Iron  Works,  Leeds. 
1856.  Waddington,  Thomas,  New  Dock  Iron  Works,  Leeds. 
1868.  Wakefield,  John,  Great    Soathem   and   Western  Bailway,  Looomotive 
Department,  Dublin. 

1861.  Walker,  John  G.,  Netherton  Iron  Works,  near  Dadley. 
1847.  Walker,  Thomas,  Patent  Shalt  Works,  Wednesbnxy. 

1863.  Walker,  William  Hngill,  Wicker  Iron  Works,  Sheffield. 

1868.  Wallace,  WiUiam,  Superintending  Engineer,  Montreal  Ocean  Steam  Ship 

Company,  IdTerpool. 
1866.  Wardle,  Charles  Wetherell,  Boyne  Engine  Works,  Hnnslet,  Leeds. 

1862.  Warham,  John  B.,  Iron  Works,  Bnrton-on-Trent. 

1862.  Watkms,  Bichard,  Canal  Iron  Works,  Millwall,  London,  E. 

1862.  Webb,  Francis  WiUiam,  London  and  North  Western  Bailway,  LooomotiTe 

Department,  Crewe. 
1862.  Webb,  Heniy  Arthur,  Bretwell  Hall  Iron  Works,  near  Stourbridge. 
1860.  Weild,  WilUam,  Qneen's  Chambers,  Market  Street,  Manchester. 
1862.  Wells,  Charles,  Moxley  Iron  Works,  near  Bilston. 
1862.  Westmaoott,  Percy  G.  B.,  Elswick  Engine  Works,  Newoastle-on-Tyne. 
1866.  Wheeldon,  Frederick  B.,  Highfields  Engine  Works,  Bilston. 
1859.  Whitham,  James,  Perseveranoe  Iron  Works,  Eirkstall  Boad,  Leeds. 
1859.  Whitham,  Joseph,  Perseverance  Iron  Works,  Eirkstall  Boad,  Leeds. 

1868.  Whitley,  Joseph,  New  British  Iron  Works,  Comgreaves,  near  Birmingham. 
1847.  Whitworth,  Joseph,  Chorlton  Street,  Manchester. 

1852.  Whytehead,  William    Keld,   Engineer-in-Chief  to    the    Government  of 
Paragoay :  82  Cambridge  Street,  Eodeston  Sqnare,  London,  S.W. 

1869.  Widdiam,  Henry  Wickham,  M.P.,  Low  Moor  Iron  Works,  near  Bradford, 

Yoikshire. 
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1869.  Wiokham,  Lamplngh  Widcham,  Low  Hoor  Iron  Works,  near  Bradfoard, 
Yorkshire. 

1847.  Williams,  Richard,  Patent  Shaft  Works,  Wedneebuy. 

1859.  Williams,  Bichard  Price,  Stocksbridge  Iron  Works,  Deepoar,  near  Sheflield. 

1856.  Wilson,  Edward,  Qreat  Western  Bailway,  Worcester. 

1859.  Wilson,  George,  Cyclops  Steel  Works,  ShefBeld. 

1863.  Wilson,  John  Charles,  East  India  House,  5  Lime  Street,  London,  E.C. 

1852.  Wilson,  Joseph  W.,  9  Buckingham  Street,  Strand,  London,  W.C. 

1857.  Wilson,  Bobert,  Bridgewater  Fomidry,  Patricroft,  near  lianchester. 

1860.  Wilson,  William,  3  Queen  Square,  Westminster,  S.W. 

1862.  Winby,  William  Edward,  Atherstone. 

1859.  Winter,  Thomas  Bradbury,  28  Moorgate  Street,  London,  E.C. 

1863.  Wise,    Francis,    Chandos    Chambers,    Buckingham     Street,    Adelphi» 

London,  W.O. 

1858.  Wood,  Nicholas,  Hetton  Hall,  Hetton,  near  Fence  Houses. 

1848.  Woodhouse,  Henry,  London  and  North  Western  Bailway,  Stafford. 
1851.  Woodhouse,  John  Thomas,  Midland  Boad,  Derby. 

1861.  Woodhouse,  William  Henry,  11  Great  George  Street,  Westminster,  S.W. 

1858.  Woods,  Hamilton,  Messrs.  Allsopp  and  Sons,  Burton-on-Trent. 

1860.  Worssam,  Samuel  William,  King's  Boad,  Chelsea,  London,  S.W. 

1860.  Worthington,   Samuel  Barton,  Engineer,  London  and   North   Western 
Bailway,  Manchester. 

1859.  Wright,  Joseph,  Metropolitan  Carriage  and  Wagon  Company,  Saltley 

Works,  Binningham. 

1860.  Wright,  Joseph,  Neptune  Forge,  Tipton  Green,  Dudley. 
1863.  Wright,  Owen,  Broadwell  Foige,  Oldbury,  near  Birmingham. 
1863.  Wright,  Peter,  Bailway  Wheel  Vice  and  Anchor  Works,  Dudley. 

1853.  Wymer,  Francis  W.,  Tyne  and  Continental  Steam  Navigation  Company, 

Newcastle-on-Tyne. 

1861.  Yule,  William,  Baird's  Works,  St.  Petersburg,  Eussia. 

HONOBABY  MEMBEBS. 

1848.  Branson,  George,  Belmont  Bow,  Birmingham. 
1863.  Brockbank,  William,  37  Princess  Street,  Manchester. 
1863.  Butler,  William,  15  Bilbao  Street,  Cadiz,  Spain. 
1851.  Clare,  Thomas  Deykin,  Carr's  Lane,  Birmingham. 
1848.  Crosby,  Samuel,  Leek  Street,  Birmingham. 
1863.  Fairbaim,  John,  Famley  Iron  Works,  Leeds. 
1863.  Fisher,  John,  Prioiy  Street,  Dudley. 
1863.  Forster,  Geoige  Emmerson,  Washington,  Durham. 
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1868.  Hackney^  WiDiam,  13  Beaufort  Boad,  Edgbaston,  Birmmgham. 
18G0.  Hntchinflon,  William,  Blue  Lias  Lime  Stone  Offices,  Lyme  Begis. 

1858.  Lawton,  Benjamin  0.,  8  St.  Nicholas  Buildings,  Newcastle-on-TTne. 

1859.  Leather,  John  Towlerton,  Leventhoipe  Hall,  near  Leeds.     {lA^e  Member,) 
18G0.  Manby,  Cordy,  New  Street,  Dudley. 

1863.  Nichols,  William,  Midland  Copper  Works,  Guild  Street,  Bnrton-on-Trent. 
1856.  Pefctifor,  Joseph,  Midland  Bailway,  Derby. 

1861.  Batdiff,  Charles,  Wyddrington,  Edgbaston,  Birmingham. 
1863.  Bigg,  Arthm*,  The  College,  Chester. 

1869.  Sherriff,  Alexander  Clmies,  Great  Western  Bailway,  Worcester. 
1863.  BUxrey,  Thomas  B.,  17  Graceohnrch  Street,  London,  E.C. 
1848w  Warden,  William  Marston,  Edgbaston  Street,  Birmingham. 
1868.  Waterlioase,  Thomaa,  Claremont  Flaoe,  Sheffield. 

1862.  Whitehead,  ^miliam,  Don  Steel  Works,  Sheffield. 

1861.  WiUiaxnacm,  Alexander  W.,  Ph.  D.,  University  College,  Gower  Street, 
London,  W.O. 

1863.  WooUey,  John,  Marehay  Colliery,  Bipley,  near  Derby: 

GBADUATES. 

1850.  Glydon,    Geoige,  Spring   Hill   Tube   and   Metal   Works,  Eyre  Street, 

Birmingham. 
1861.  Hiddleton,    Heniy    Charles,    Yulcan    Iron    Foundry,    Summer    Lane, 

Birmingham. 
1861.  Potts,  John  Thorpe,  160  Camberwell  Grove,  London,  S. 
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PEOCEBDINeS. 


29  January,  1863. 


The  SixTBBNTH  AvNUAL  Genbral  Meeting  of  the  Members  was 
held  at  the  house  of  the  Institntion^  Newhall  Street,  Birmingham, 
on  Thursday,  29th  Jamiarj,  1863;  Charles  F.  Betbr,  Esq.,  in 
the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and  confirmed. 

The  Secretary  then  read  the  following 

ANNUAL  REPOBT  OF  THE  COUNCIL. 
1  868. 

The  Council  have  much  pleasure,  on  this  the  Sixteenth  Anniversary 
of  the  Xnstitation,  in  congratulating  the  Members  on  the  very 
satisfactory  progress  and  prosperous  condition  of  the  Institution. 

The  Financial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  3l8t  December,  1862,  shows  a  balance  in  the  Treasurer's 
hands  of  £1781  17«.  lid,  after  the  payment  of  the  accounts  due  to 
that  date.  The  Finance  Committee  have  examined  and  checked  the 
receipts  and  payments  of  the  Institution  for  the  last  year  1862,  and 
report  that  the  following  balance  sheet  rendered  by  the  Treasurer  is 
correct.     {See  Balance  Sheet  appended,) 

The  Council  report  with  great  satisfaction  the  continued  increase 
in  the  number  of  Members  that  has  taken  place  during  the  past  year; 
the  total  number  of  Members  of  all  classes  for  the  year  being  497,  of 
whon&  16  are  Honorary  Members,  and  3  are  Graduates. 

c 
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The  following  deceases  of  Members  of  the  Institution  have  occurred 
during  the  past  year  1862  : — 

William  Hawkes,        .        .        .    Birmingham. 
.William  Weallens,  .        .        Newcastle-on-iyno. 

Francis  Wriglet,        .        .       .    Manohester. 

The  Council  have  the  pleasure  of  acknowledging  the  following 
Donations  to  the  Library  of  the  Institution  during  the  past  year,  and 
expressing  their  thanks  to  the  Donors  for  the  valuable  and  acceptable 
additions  they  have  presented.  The  Council  wish  to  urge  on  the 
attention  of  the  Members  the  important  advantage  of  obtaining  a 
good  collection  of  Engineering  Books,  Drawings,  and  Models  in  the 
Institution,  for  the  purpose  of  reference  by  the  Members  personally  or 
by  correspondence  ;  and  they  trust  this  desirable  object  will  be  promoted 
by  the  Members  generally,  so  that  by  their  united  aid  it  may  be 
efficiently  accomplished.  Members  are  requested  to  present  copies  of 
their  works  to  the  Library  of  the  Institution. 

LIST  OF  DONATIONS  TO  THE  LIBKARY. 

Collection  of  Engineering  Drawings,  fifth  part;  from  the  Ecole  Imperiale  des 

Fonts  et  Chauss^es. 
Desoription  of  the  Models,  Maps,  and  Drawings  in  the  International  Exhibition 

of  1862;  from  M.  Cavalier. 
Ezperiipents  on  Wrought  Iron  and  Steel,  by  David  Kirkaldy ;   from  the  author. 
On  the  Improvement  of  the  Tyne,  by  Thomas  John  Taylor;  from  Mr.  John 

Taylor. 
The  Archaeology  of  the  Coal  Trade,  by  Thomas  John  Taylor ;  from  Mr.  John 

Taylor. 
On  the  Resistance  of  Iron  to  Projeotiles,  by  William  Fairbairu ;  from  the  author. 
On  the  Density  of  Steam,  by  W.  J.  Macquom  Rankine ;  from  the  author. 
Description  of  an  apparatus  for  Taking  off  the  Waste  Gas  from  Blast  Furnaces, 

by  E.  I^ngen ;  from  the  author. 
Philosophical  Transactions  and  Proceedings  of  the  Royal  Society,  6  volumes ; 

from  Mr.  Walter  May. 
Journal  of  the  Architect  and  Engineer's  Society  for  the  kingdom  of  Hannover, 

from  the  commencement ;  from  the  Society. 
Proceedings  of  the  Institution  of  Civil  Engineers ;  from  the  Institution. 
Report  of  the  British  Association  for  the  Advancement  of  Science;  from  the 

Association. 
Proceedings  of  the  Royal  Institution  of  Great  Britain  ;  from  the  Institution. 


Digitized  by  VjOOQ  IC 


ASHXJAL   BEPORT.  3 

Tmnnetioiia  of  the  North  of  England  Instifeata  of  Mining  Engineers ;  from  the 

lostitate. 
Proceedings  of  the  French  Institution  of  Oivil  Engineers ;  from  the  Institution. 
Journal  of  the  Board  of  Arts  and  Manufaotures  for  Upper  Canada ;  from  the 

Board. 
Journal  of  the  Boyal  United  Senrice  Institution ;  from  the  Institution. 
Transactiona  of  the  Institution  of  Engineers  in  Scotland ;  from  the  Institution. 
Proceedings  of  the  South  Wales  Institute  of  Engineers ;  from  the  Institute. 
Memoirs  of  the  literary  and  Philosophioal  Society  of  Manchester;  from  the 

Society. 
Beport  of  the  Manchester  Association  for  the  Prevention  of  Steam  Boiler 

Explosions ;  from  Mr.  Lavington  E.  Fletcher. 
Transactions  of  the  Boyal  Scottish  Society  of  Arts ;  from  the  Society. 
Beport  of  the  Boyal  Cornwall  Polytechnic  Society ;  from  the  Society. 
Journal  of  the  Society  of  Arts ;  from  the  Society. 
The  Engineer ;  from  the  Editor. 
The  Mechanica'  Magazine ;  from  the  Editor. 
The  CiTil  Engineer  and  Arohitect's  Journal ;  from  the  Editor. 
The  London  Journal  of  Arts ;  from  the  Editor. 
The  Artizan  Journal ;  from  the  Editor. 
The  Practical  Mechanic's  Journal;  from  the  Editor. 
The  Mining  Journal ;  from  the  Editor. 
The  BaUway  Becord;  from  the  Editor. 
The  Steam  Shipping  Journal;  from  the  Editor. 
Specimen  Tuibe  &c.  from  Hairs  Surface  Condenser;  from  Mr.  T.  Whittaker. 


The  Council  have  great  satisfaction  in  referring  to  the  number 
of  Papers  that  have  been  brought  before  the  meetings  during  the 
past  year,  and  the  practical  value  and  interest  of  many  of  the 
oommnnications  and  the  discussions  that  took  place  upon  them,  which 
form  a  valuable  addition  to  the  proceedings  of  the  Institution.  The 
Council  request  the  special  attention  of  the  Members  to  the  importance 
of  their  aid  and  co-operation  in  carrying  out  the  objects  of  the 
Institution  and  maintaining  its  advanced  position,  by  contributing 
papers  on  Engineering  subjects  that  have  come  under  their  observation, 
and  communicating  the  particulars  and  results  of  executed  works  and 
practical  experiments  that  may  be  serviceable  and  interesting  to 
the  Members ;  and  they  invite  communications  upon  the  subjects  in 
the  list  appended,  and  other  subjects  advantageous  to  the  Institution. 
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The  following  Papers  bave  been  read  at  the  meetings  dnring  the 
last  year : — 

Address  of  the  President,  Sir  William  G.  Armstrong. 

On  a  Begenerative  Gas  Furnace,  as  applied  to  Glasshouses,  Puddling,  Heating,  ko.; 

by  Mr.  C.  William  Siemens,  of  London. 
On  the  Construction  of  Lighting  Apparatus  for  Lighthouses ;  \>j  Mr,  Armand 

Masselin,  of  Birmingham. 
On  the  Ck>al  and  Lron  Mining  of  South  Yorkshire ;  by  Mr.  Parkin  Jeffoook,  of 

Derby. 
Description  of  a  Feed-pipe  Connexion  for  locomotive  engines ;  by  Mr.  Alexander 

Allan,  of  Perth. 
On  Surface  Condensation  in  Marine  Engines;   by  Mr.  Edward  Humphrys, 

of  Deptford. 
On  the  applieation  of  the  Copying  principle  in  the  Manufacture  and  Bifling  of 

Guns ;  by  Mr.  John  Anderson,  of  Woolwich. 
On  the  relations  of  Power  and  Effect  in  Cornish  Pumping  Engines  over  long 

periods  of  working ;  by  Mr.  Charles  Greaves,  of  Bow. 
On  the  Manufacture  of  Hemp  and  Wire  Rope ;  by  Mr.  Charles  P.  B.  Shelley,  of 

London. 
On  the  Construction  of  Submarine  Telegraph  Cables ;  by  Mr.  Fleeming  Jenkin, 

of  London. 
On  the  Double  Cylinder  Expansive  Steam  Engine;  by  Mr.  William  Pole,  of 

London. 
On  Double  Cylinder  Pumping  Engines ;  by  Mr.  David  Thomson,  of  London. 
On  the  Construction  and  Application  of  Lron  Armour  for  Ships  of  War ;  by  Mr. 

Norman  S.  Bussell,  of  London. 
On  a  Packing  for  Pistons  of  Steam  Engines  and  Pumps ;  by  Mr.  George  M. 

MiUer,  of  Dublin. 
On  Machinery  for  the  Manufacture  of  Gunstocks;  by  Mr.  Thomas  Greenwood, 

of  Leeds. 
Deeoription  of  a  Hydraulic  Shears  and  Punch ;   by  Mr.  James  Tangye,  of 

Birmingham. 

The  Council  have  particular  pleasure  in  referring  to  the  great 
success  and  interest  of  the  large  and  important  Meeting  of  the 
Institution  held  in  London  last  summer  during  the  period  of  the 
International  Exhibition,  and  in  expressing  their  special  thanks  to 
the  Local  Committee  and  the  Honorary  Local  Secretary,  Mr.  Charles 
Cubitt,  for  the  excellent  reception  that  was  given  to  the  Members  of 
the  Institution ;  and  also  to  the  authorities  of  the  Government  Works 
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at  Enfield  and  Woolwich  for  the  yalaable  opportunity  afforded  to 
the  Members  for  seeing  those  works  on  that  occasion.  The  Council 
look  forward  with  much  confidence  to  the  important  advantages  arising 
from  the  continuance  of  these  Meetings  in  different  parts  of  the 
country,  from  the  facilities  afforded  by  them  for  the  personal 
communication  of  the  Members  in  different  districts  of  the  country, 
and  the  opportunities  of  visiting  the  important  Engineering  Works 
that  are  so  liberally  thrown  open  to  their  inspection  on  those  occasions. 
The  President,  Vice-Presidents,  and  five  of  the  Members  of  the 
Council  in  rotation,  will  go  out  of  office  this  day,  according  to  the 
rules  of  the  Institution ;  and  the  ballot  will  be  taken  at  the  present 
annual  meeting  for  the  election  of  the  Officers  and  Council  for  the 
ensuing  year. 


SUBJECTS  FOR  PAPERS. 


Stsam  Engine  Boilers,  particulars  of  construotion— form  and  extent  of  heating 
sarfeee— relative  value  of  radiant  surface  in  effect  and  economy — cost — 
oonsnmptioii  of  fuel — evaporation  of  water — pressure  of  steam — density  and 
beat  of  steam — superheated  steam,  simple  or  mixed  with  common  steam — 
pressure  gauges— safety  valves — water  gauges — explosion  of  boilers,  and 
means  of  prevention— effects  of  heat  on  the  metal  of  boilers,  low  pressure 
and  high  pressure— steel  boilers — ^incmstation  of  boilers,  and  means  of 
prevention^^vaporative  power  and  economy  of  different  kinds  of  fuel,  coal, 
wood,  charcoal,  peat,  patent  coal,  and  coke— moveable  grates,  and  smoke- 
oonsnming  apparatus,  facts  to  show  the  best  plan,  and  results  of  workings 
plans  for  heating  feed  water-^mode  of  feeding— circulation  of  water. 

Bteax  Bkoines— expansive  force  of  steam,  and  best  means  of  using  it— power 
obtained  by  various  plans— comparison  of  double  and  single  cylinder 
engines^-oombined  engines— compound  cylinder  engines — comparative 
advantages  of  direct-acting  and  beam  engines— engines  for  manufacturing 
purposes — ^horizontal  and  vertical— condensing  and  non-condensing^- 
iigeetion  and  surface  condensers— air  pumps— governors— valves,  bearings, 
&o. — ^improved  expansion  gear^-indicator  diagrams  from  engines,  with 
detaflfl  of  useful  effect,  consumption  of  fuel,  &c.— contributions  of  indicator 
diagrams  for  reference  in  the  Institution. 
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Stampinq  anb  Coininq  Machineby,  particulars  of  improveinents,  &o. 
Papbb-Makino  and  Paper-Guttino  Machines,  new  materials  and  results. 
Printing  Machines,  particulars  of  improTements,  &o. 
Water  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 

application — ^relooity  of  piston— construction,  lift,  and  area  of  yalves. 
Air  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 

application— Telocity  of  piston — construction,  lift,  and  area  of  valves. 
Hydraulic  Presses,  facts  relating  to  the  best  construction,  means  of  working, 

and  application— economical  limit  of  pressure. 

BOTART  AND  CENTRIFUGAL  PUMPS,  ditto  ditto  ditto 

Fire  Engines,  hand  and  steam,  ditto  ditto  ditto 

Sluices  and  Sluice  Cocks,  worked  by  hand  or  hydraulic  power,  ditto 

Cranes,  steam  cranes,  hydraulic  cranes,  pneumatic  cranes,  travelling  cranes. 

Lifts  for  raising  railway  wagons— hoists  for  warehouses — safety  apparatus. 

Toothed  Wheels,  best  construction  and  form  of  teeth — results  of  working — 
power  transmitted— method  of  moulding— strength  of  iron  and  wood  teeth. 

Driving  Belts  and  Straps,  best  make  and  material,  leather,  gutta  percha, 
vulcanised  india-rubber,  rope,  wire,  chain,  &c. — comparative  durability, 
and  results  of  working— power  communicated  by  certain  sizes— frictional 
gearing,  construction  and  driving  power  obtained— friction  dutches — 
shafting  and  couplings. 

Dynamometers,  construction,  application,  and  results  of  working. 

Decimal  Measuremf^nt — application  of  decimal  system  of  measurement  to 
mechanical  engineering  work — drawing  and  construction  of  machinery, 
manufactures,  &c.— construction  of  measuring  instruments,  gauges,  &c. 

Strength  of  Materials,  facts  relating  to  experiments,  and  general  details  of 
the  proof  of  girders,  &c. — ^girders  of  cast  and  wrought  iron,  particulars 
of  different  constructions,  and  experiments  on  them — rolled  girders — best 
forms  and  proportions  of  girders  for  different  purposes— best  mixture  of 
metal— mixtures  of  wrought  iron  with  cast. 

Durability  of  Timber  of  various  kinds — best  plans  for  seasoning  and  pre- 
serving timber  and  cordage— results  of  various  processes— comparative 
durability  of  timber  in  different  situations— experiments  on  actual  strength 
of  timber. 

CoBBOSiON  OF  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  &c. — 
facts  relating  to  corrosion,  and  best  means  of  prevention — means  of  keeping 
ships*  bottoms  clean — galvanic  action,  nature,  and  preventives. 

Alloys  of  Metals,  facts  relating  to  different  alloys. 

Friction  of  Various  Bodies,  facts  relating  to  friction  under  ordinary  circum- 
stances— facts  on  increase  of  friction  by  reduction  of  surface  in  contact — 
friction  of  iron,  brass,  copper,  tin,  wood,  &c.— proportion  of  weight  to 
rubbing  surface— best  forms  of  journals,  and  construction  of  axleboxes— 
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wood  bearings— water  azieboxes — ^lubrication,  best  materials,  means  of 
application,  and  results  of  practical  trials—best  plans  for  oil  testB—friotion 
bfeaks. 

Ibos  Roofs,  particalara  of  constniction  for  difierent  purposes— durability  in 
▼arioos  cJimates  and  situations— comparative  oost,  weight,  and  durability — 
roob  for  slips  of  oast  iron,  wrought  iron,  timber,  &o, — best  construction, 
fonn,  and  materials — details  of  large  roofs,  and  cost. 

FntE-PROOF  Buildings,  particulars  of  construction— most  efficient  plan— results 
of  trials. 

Chdiket  Stacks  of  large  size—particulars,  form,  mode  of  building,  cheapest 
eonstraction,  &c. — force  of  draught,  and  temperature  of  current. 

BsKXS,  manufacture,  durability,  and  strength — hollow  bricks,  fire  bricks,  and 
fire  clay— perforated  bricks,  cost  of  manufacture,  and  advantages— -dry  clay 
bricks— machines  for  brick  making — burning  of  bricks. 

Ois  WoKKs,  best  form,  sise,  and  material  for  retorts — construction  of  retort 
OYeas^  quantity  and  quality  of  gas  from  different  coals— oil  gas,  cheapest 
mode  of  making — water  gas,  &c. — improvements  in  purifiers,  condensers, 
and  gasholders — wet  and  dry  gas  meters— self-regulating  meters— pressure 
of  gas,  gas  exhauster — gas  pipes,  strength  and  durability,  and  construction 
of  Joints — ^proportionate  diameter  and  length  of  gas  mains,  and  vi^ooity 
of  the  passage  of  gas— experiments  on  ditto,  and  on  the  friction  of  gas 
in  mains,  and  loss  of  pressure. 

Watek  WoEKfi,  facts  relating  to  water  works— application  of  power,  and 
economy  of  working — proportionate  diameter  and  length  of  pipes — experi- 
ments on  the  discharge  of  water  from  pipes,  and  friction  through  pipes — 
strength  and  durability  of  pipes,  and  construction  of  joints— penetration  of 
frost  in  different  climates — relative  advantages  of  stand  pipes  and  air 
vessels— water  meters,  construction  and  working. 

Well  SixKiiro,  and  Artesian  Wells,  facts  relating  to— boring  tools, 
ooDstruction  and  mode  of  using. 

TuirvELLuro  Machines,  particulars  of  construction,  and  results  of  working. 

Corm  Dams  and  Pilino,  facts  refating  to  the  construction— cast  iron  sheet 
piling. 

Pubs,  fixed  and  floating,  and  pontoons,  ditto  ditto 

Pas  Drivino  Apparatus,  particulars  of  improvements— use  of  steam  power 
— parttddars  of  working-^weight  of  ram  and  height  of  fall,  total  number  of 
blows  required- vacuum  piles— compressed  air  system— screw  piles. 

Dekdoisq  Machines,  particulars  of  improvements— application  of  dredging 
machines — power  required  and  work  done. 

IHtisq  Bells  and  Divino  Dbbsses,  facts  relating  to  the  best  construction. 

L1QHTHOCSF.S,  cast  iron  and  wrought  iron,         ditto  ditto 
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Ships,  iron  and  wood— details  of  construction — lines,  tonnage,  cost  per  ton — 
water  ballast. 

Mining  Operations,  facts  relating  to  mining— modes  of  working  and  propor- 
tionate yield— means  of  Tentilating  mines — use  of  yentilating  machinery — 
safety  lamps— lighting  mines  by  gas— drainage  of  mines — sinking  pits — 
mode  of  raising  materials — ^safety  guides — winding  machinery — under- 
ground conveyance— mode  of  breaking,  pulverising,  and  sifting  various 
descriptions  of  ores. 

Blasting,  facts  relating  to  blasting  under  water,  and  blasting  generally— use 
of  gun-cotton,  &c.— effects  produced  by  large  and  small  charges  of  powder  — 
arrangement  of  charges. 

Blast  Furnaces,  consumption  of  fuel  in  different  kinds—burden,  make,  and 
quality  of  metal— pressure  of  blast — horse  power  required— economy  of 
working— improvements  in  manufacture  of  iron— comparative  results  of  hot 
and  cold  blast— increased  temperature  of  blast— construction  and  working 
of  hot  blast  ovens — pyrometers — means  and  results  of  application  of  waste 
gas  from  close-topped  and  open-topped  furnaces. 

Puddling  Furnaces,  best  forms  and  construction— worked  with  coal,  char- 
coal, &c. — application  of  machinery  to  puddling. 

Heating  Furnaces,  best  construction — consumption  of  fuel,  and  heat  obtained. 

Converting  Furnaces,  construction  of  furnaces— manufacture  of  steel — 
oasehardening,  &c. — converting  materials  employed. 

Smiths'  Forges,  best  construction— size  and  material— power  of  blast— hot 
blast,  &c. — construction  of  tuyeres. 

Smiths*  Fans  and  Faks  generally,  best  construction,  form  of  blades,  &c.— facts 
relating  to  power  employed  and  percentage  of  effect  produced — pressure  and 
quantity  of  air  discharged — size  and  construction  of  air  mains. 

Ck)KE  Jlsd  Charcoal,  particulars  of  the  best  mode  of  making,  and  construction 
of  ovens,  &c.— open  coking— mixtures  of  coal  slack  and  other  materials — 
evaporative  power  of  different  varieties. 

Railways,  construction  of  permanent  way — section  of  rails,  and  mode  of 
manufacture — mode  of  testing  rails— experiments  on  rails,  deflection, 
deterioration,  and  comparative  durability — ^material  and  form  of  sleepers, 
size,  and  distances — improvements  in  chairs,  keys,  and  joint  fastenings — 
permanent  way  for  hot  climates. 

Switches  and  Crossings,  particulars  of  improvements,  and  results  of  working. 

Turntables,  particulars  of  various  constructions  and  improvements— engine 
turntables. 

SiGKALS  for  stations  and  trains,  and  self-acting  signals. 

Electric  Telegraphs,  improvements  in  construction  and  insulation-— coating 
of  wires^underground  and  submarine  cables  —mode  of  laying. 
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Railwat  Carbiaobs  akd  Wagons,  details  of  construction— proportion  of  dead 
freight. 

Breaks  for  carriages  and  wagons,  best  construction — self-acting  breaks — con- 
tinuous breaks. 

Buffers  for  carriages,  &c.,  and  station  buffers— different  constructions  and 
materials. 

COCPLIKGS  for  carriages  and  wagons — safety  couplings. 

Springs  for  carriages,  &c. — buffing,  bearing,  and  draw  springs — range,  and 
d^ection  per  ton — particulars  of  different  constructions  and  materials,  and 
results  of  working. 

Railway  Wheels,  wrought  iron,  cast  iron,  and  wood — particulars  of  different 
eonstractions,  and  results  of  working— copiparative  expense  and  durability 
— wrought  iron  and  steel  tyres,  comparative  economy  and  results  of  working 
—mode  of  fixing  tyres— manufacture  of  solid  wrought  iron  wheels. 

Railway  Asxes,  best  description,  form,  material^  and  mode  of  manufacture. 


The  eommiimoations  should  be  written  on  foolscap  paper,  on  one  side  only 
of  each  page,  leaving  a  clear  margin  on  the  left  side  for  binding,  and  they 
should  be  written  in  the  third  person.  The  drawings  illustrating  the  paper 
should  be  on  a  large  scale  and  strongly  coloured,  so  as  to  be  clearly  visible  to  the 
meeting  at  the  time  of  reading  the  paper;  or  enlarged  diagrams  should  be 
added  for  the  illustration  of  any  particular  portions :  the  scale  of  each  drawing 
to  be  marked  upon  it 


Digitized  by  VjOOQ  IC 


I— 1 
o 

< 

I— 1 

<! 
U 
o 

O 

Jzi 
O 

H 

P 
H 

HH 

H 
GQ 

|Zi 


c0      iHi>i-ir-iooo»ooe*wt* 

iH  r-l     i-S  K^      ph     ,^ 


t-     o 
CO      10 


I 


w 

QQ 

o 

525 


04 

CO 
00 


1 


I 


1 


i 

•s    si 


111  i"^  i  al. 


I 

s 

i 


•-9 


PES 


o 


1 


§ 


il 


OQ 


5 


^loooooo    o>o 
.ioaoooooc^©^ 

£2     S    m  .-^     0«     iH     CO 

^     »— •     CO  »-^ 


•Si 


01 


E-e-i! 


1  fl  i  3  ^  a  I 
^  «  s  ®  s  s 


^ 


I 


Digitized  by  VjOOQ  IC 


IS 
MEMOIRS 

OF    UEUBBR8   DECEASED    IN    1862. 


William  Hawkbs  was  born  at  Moseley  near  Binmngham  in  1800 ; 
and  after  senring  his  time  with  Mr.  William  Bmnton  at  the  Eagle 
Fonndiy,  Broad  Street,  Birmingham,  became  a  member  of  the  firm 
of  Messrs.  Smith  and  Hawkes  at  the  same  works,  in  which  he 
continued  an  active  partner  np  to  nearly  the  time  of  his  death.  His 
health  haying  been  declining  for  more  than  two  years  previously, 
he  died  on  dlst  May  1862  at  the  age  of  sixty-two.  He  was  elected 
an  Honorary  Member  of  the  Institution  in  1857. 

William  Wballbns  was  bom  on  8th  March  1823  at  Ponteland 
near  Newcastle-on-Tyne,  and  was  educated  at  the  Grange  School, 
Bishopweannouth.  He  acquired  his  knowledge  of  mechanical 
engineering  at  Messrs.  Robert  Stephenson  and  Co.'s  works  at 
Newcastle- on -ly^e,  where  he  first  became  a  pupil  in  1838,  and 
afterwards  succeeded  his  father-in-law,  Mr.  William  Hutchinson, 
as  resident  partner  in  the  firm.  He  gained  considerable  reputation 
as  a  sound  practical  mechanic,  and  was  much  esteemed  by  numerous 
friends  and  acquaintances  for  his  kindness  and  geniality  of  disposition. 
He  was  a  Member  of  the  Institution  from  its  commencement  in  1847, 
and  was  for  several  years  a  member  of  the  Council.  He  died  at  Paris 
on  2nd  Nov.  1862  in  the  fortieth  year  of  his  age,  having  been  taken 
ill  whilst  on  a  journey. 

Feabcis  Wriolbt  was  bom  at  Manchester  in  1811,  and  was  for 
some  time  actively  engaged  with  the  firm  of  Messrs.  Sharp  Roberts 
and  Co.  of  that  town.  In  1841  he  went  to  Russia,  and  was  engaged 
in  the  erection  of  machinery  at  various  cotton  and  sugar  works  in  that 
country.  He  returned  to  England  in  1857,  and  during  the  last  two 
years  was  partner  in  the  firm  of  Messrs.  Fothergill  Wrigley  and 
Smith,  consulting  engineers,  Manchester.  He  became  a  Member  of 
the  Institution  in  1859,  and  died  on  2nd  Aug.  1862  after  an  illness 
of  only  a  few  days*  duration. 
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The  Ghaibman  remarked  that  the  very  prosperous  condition  of  the 
Institution  and  the  continued  increase  in  the  number  of  the  Members 
seen  from  the  Report  of  the  Council  were  highly  satisfactory  and 
encouraging,  and  showed  the  extended  utility  of  the  Institution :  he 
moved  that  the  Report  be  received  and  adopted,  which  was  passed. 

In  accordance  with  the  notice  given  at  the  last  General  Meeting-, 
the  following  resolution  was  moved  by  the  Chairman  and  was  passed : — . 
**  That  all  Members  who  have  filled  the  office  of  President  of  the 
Institution  be  ex  officio  permanent  Members  of  Council,  under  the 
title  of  Past  Presidents." 

The  Chaibuan  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  Officers 
and  Members  of  Council  were  duly  elected  for  the  ensuing  year : — 

PRESIDBKT. 

Robert  Napieb,  ...  Glasgow. 

PAST   PBESIDEKTS. 

Ex  officio  permanent  Members  of  Council. 


Sib  William  G.  Armstbono, 

Newcastle-on-Tyne. 

James  Kennedt, 

Liverpool. 

John  Penn,         .... 

London. 

Joseph  Whitwobth, 

Manchester. 

vice-pbesidents. 

Chables  F.  Beteb,     . 

Manchester. 

Alexakdeb  B.  Coghbane, 

Dudley. 

Edwabd  a.  Cowpeb,  . 

London. 

James  Fekton, 

Low  Moor. 

Henby  Maudslay, 

'  London. 

John  Ramsbottom,  . 

Crewe. 

council. 

Daniel  K.  Clabk, 

London. 

William  Clay, 

Liverpool. 

John  Febnie,      .... 

Derby. 

Sib  Chables  Fox,  . 

London. 

Edwabd  Humphbys,     . 

London. 

Jambs  Kitson, 

Leeds. 

Sampson  Lloyd,  .... 

Wednesbury, 
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Members  of  Council  remaining  in  office. 


Alsxandbr  Allan, 
John  Andebson, 
Georgb  Harrison, 
Thomas  Hawkslbt, 
RoBBRT  Hawthorn, 
Edward  Jones, 
Walter  May, 
Charles  P.  Stewabt, 

trbasubbr. 
Hbnby  Edmunds, 

secretary. 
William  P.   Marshall, 


Perth. 

Woolwich. 

Birkenhead. 

London. 

Newcastle-  on-  T^ne. 

Wednesbury. 

Birmingham. 

Manchester. 

Birmingham. 

Birmingham. 


The  following  New  Members  were  also  elected : — 
membebs. 

Henby  Bbown,    ....  Birmingham. 

James  Kennan,  Dublin. 

Thomas  Knight,  ....  Birmingham. 

Ernest  Latham,     .  «  London. 

Edwabd  Riohabdson,  .         .         .  New  Zealand. 

Thomas  Wicksteed,        .         .  London. 


The  following  paper  was  then  read : 
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ON  THE  APPARATUS  USED  FOR  SINKING  PIERS 
FOR  IRON  RAILWAY  BRIDGES  IN  INDIA. 


Bt  Mr.  JOSEPH  F.  STRONG,  OP  Allahabad. 


The  general  mode  adopted  for  forming  the  foundations  for  railway 
bridges  oyer  the  large  Indian  rivers  is  an  application  of  the  old  native 
plan  of  sinking  cylinders  or  wells  of  brickwork,  by  excavating  the 
sand  from  the  interior  of  the  cylinders  and  allowing  them  to  sink  by 
their  own  weight,  increasing  the  height  of  each  cylinder  successively 
by  additional  brickwork  until  it  has  sunk  to  a  sufficient  depth  to  obtain 
the  required  hold  in  the  ground.  This  plan  has  been  in  use  for  ages 
in  that  country  for  forming  the  foundations  of  the  native  forts  on  the 
banks  of  rivers,  and  also  for  sinking  wells  for  water.  In  the  case  of 
the  railway  bridges  the  same  plan  is  extended,  by  being  carried  out 
upon  a  larger  scale  to  obtain  a  greater  depth  and  consequently  greater 
stability  of  foundation:  sets  of  brick  cylinders,  varying  in  number 
from  three  to  twelve  and  in  diameter  from  18  to  8  feet,  based  upon 
wrought  iron  or  wood  curbs,  are  sunk  to  a  sufficient  depth  in  the 
ground  to  form  the  foundations  for  each  pier. 

The  bridge  of  which  the  foundations  are  described  in  the  present 
paper  is  on  the  main  line  of  the  East  Indian  Railway  from  Calcutta  to 
Delhi,  and  spans  the  river  Jumna  at  Allahabad,  about  1^  mile  above 
its  confluence  with  the  Ganges.  It  is  composed  of  14  openings  of 
205  feet  clear  span  each,  crossed  by  wrought  iron  girders,  and  giving  a 
total  waterway  of  2875  feet,  the  distance  between  the  abutments  being 
8075  feet ;  the  height  of  the  top  of  the  piers  is  58  feet  6  inches  and  of 
the  rails  80  feet  above  low  water  level.  Fig.  1,  Plate  1,  is  a  general 
elevation  of  half  the  length  of  the  Jumna  bridge,  and  Fig.  2  a 
transverse  section:  Fig.  3  gives  a  section  of  the  bed  of  the  river,  the 
vertical  scale  being  enlarged  five  times.  For  the  foundations  of  the 
bridge  ten  brick  cylinders   A  A   of  13  feet  6  inches  diameter  are 
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employed  in  each  pier,  suiik  to  a  depth  of  43  feet  below  the  low  water 
level,  t8  shown  in  Fig.  4,  Plate  2,  which  is  an  elevation  of  one  of  the 
piers  taken  transversely  of  the  bridge.  Fig.  6,  Plate  3,  is  a 
corresponding  sectional  plan  of  the  pier,  one  half  being  taken  throngh 
the  brick  cylinders  A  A,  and  the  other  half  throngh  the  masonry 
above  them,  the  outline  of  the  pier  being  shown  by  the  strong  dotted 
line.  Fig.  5  is  a  vertical  section  of  the  pier  to  a  larger  scale,  taken 
longitndinally  of  the  bridge,  showing  a  section  of  a  pair  of  the  brick 
eylinders. 

The  Jnmna,  like  most  of  the  Indian  rivers,  winds  about  much  in 
its  conrse,  and  varies  in  width  and  depth  considerably ;  and  within  a 
distance  of  three  quarters  of  a  mile  above  and  below  the  railway  bridge 
it  is  65  and  72  feet  deep  respectively  at  low  water ;  but  this  depth  is 
reduced  to  only  15  feet  at  the  spot  selected  for  crossing  by  the  chief 
engineer,  Mr.  Edward  Purser.  A  number  of  experimental  brick 
eylindejrs  were  sunk  to  ascertain  what  the  bed  of  the  river  consisted  of, 
and  at  a  depth  of  35  feet  nothing  but  sand  partiy  mixed  with  clay  was 
found.  Generally  speaking  the  water  is  so  low  in  the  Indian  rivers 
between  the  months  of  November  and  May  that  there  are  no  great 
difficulties  to  be  got  over  in  beginning  operations  for  sinking  the 
cylinders  to  form  the  foundations  of  the  piers :  but  in  the  Jumna, 
which  is  never  dry,  it  was  unavoidable  that  the  piers  had  to  be  begun 
where  there  was  deep  water ;  and  as  the  means  of  pitching  iron  curbs 
under  water  were  not  at  hand,  the  question  arose  what  was  the  best 
mode  of  commencing  the  building  of  the  cylinders  preparatory  to 
sinkiiig  them. 

The  simplest  plan  seemed  to  be  to  form  an  artificial  island  for  each 
pier ;  and  this  was  done  in  the  following  manner.  Taking  the  centre 
of  a  pier  in  15  feet  depth  of  water  as  the  starting  point,  and  setting 
out  a  space  of  175  feet  length  by  120  feet  width,  sand  bags  were  sunk 
on  the  down  stream  and  two  adjacent  sides,  thus  forming  three  sides 
of  in  enclosure,  in  the  centre  of  which  loose  sand  was  thrown,  which 
Wig  carried  by  the  stream  and  deposited  against  the  upper  side  of  the 
lower  boundary  of  sand  bags,  where  it  formed  a  ridge ;  in  due  course 
the  surface  of  the  water  was.  thus  reached,  when  the  sand  was  all 
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thrown  on  the  np  stream  side,  and  an  island  was  therehy  speedily 
fonaed  100  feet  long  by  60  feet  wide  at  the  top.  On  this  island  the 
ten  iron  curbs  were  pitched  to  form  the  bases  for  the  ten  brick  cylinders 
composing  the  foundations  of  the  pier,  being  pitched  at  a  distance  of 
15  feet  6  inches  centre  to  centre  transversely  of  the  pier,  and  15  feet 
longitudinally. 

The  iron  curb  is  shown  enlarged  in  Fig.  7,  Plate  4,  which  giyes  a 
yertical  section  of  one  of  the  brick  cylinders  to  a  larger  scale,  showing 
the  cylinder  A  A  partially  sunk.  The  curb  B  is  13  feet  6  inches 
diameter  outside  and  8  feet  6  inches  inside,  the  interior  of  the  brick 
cylinder  diminishing  to  6  feet  9  inches  diameter.  The  curb  consists 
of  a  flat  horizontal  ring  of  g  inch  boiler  plate,  2  feet  6  inches  wide, 
rivetted  by  an  angle  iron  to  an  outer  cylindrical  ring  of  similar  plate 
18  inches  deep,  and  having  gusset  plates  connecting  the  two  rings 
underneath.  The  outer  cylindrical  ring  extends  3  inches  above  the 
horizontal  one,  forming  a  support  all  round  to  the  base  of  the  brick 
cylinder  on  the  outside ;  and  an  angle  iron  upon  the  inner  edge  of  the 
flat  ring  forms  a  similar  support  within.  To  keep  the  curbs  in  place 
they  are  sunk  till  the  top  plate  of  the  curb  is  bedded  on  the  sand ; 
then  12  feet  height  of  brickwork  3  feet  4^  inches  thick  is  built  upon 
the  curb,  the  first  5  feet  of  which  is  sunk  by  simply  taking  out  the 
sand  from  the  underside  of  the  curb  by  hand ;  after  which  another  and 
quite  a  different  plan  of  sinking  has  to  be  adopted. 

The  implement  generally  used  for  getting  out  sand  &c.  in  deep 
foundations  in  India  is  called  a  *' jham  ;*'  it  has  been  known  and  used 
by  the  natives  for  ages  in  sinking  wells  for  water,  and  also  wells  for 
foundations  of  river  forts,  quay  walls,  &c.  The  jham  is  a  large  scoop, 
something  in  the  form  of  a  large  hoe  with  a  short  handle,  which  the 
natives  invariably  make  of  wood,  simply  having  the  cutting  edge  shod 
with  iron.  The  plan  of  working  they  adopted  was  to  send  down  divers 
into  the  Water  in  the  interior  of  the  brick  cylinder,  who  with  the  jham 
loosened  the  sand  or  day  at  the  bottom;  then  the  diver  filled  the  jham 
with  the  loose  materials,  and  was  hauled  up  with  it  out  of  the  water. 
This  implement  was  in  fact  never  employed  by  the  natives  without  the 
aid  of  divers  who  did  the  excavating  work  with  the  jham  itself ;  they 
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are  expert  in  tiie  nae  of  it,  remaining  under  water  regal«rlj  aboat  a 
nunate  each  time  of  dicing.  Eren  in  fonndations  for  road  bridges 
bnilt  under  the  direction  of  government  engineers,  the  jham  has  been 
used  onlj  in  conjunction  with  divere ;  and  also  on  the  Madras  railway, 
as  has  been  elsewhere  described  by  the  chief  engineer,  Mr.  G.  B.  Bruce, 
ihe  same  means  were  employed  in  sinking  the  brick  cylinders  for  the 
foundations  of  the  river  bridges;  the  rivers  being  in  that  case 
comparatively  small  and  shallow,  and  quite  dry  in  the  working  season. 

It  is  evident  that  a  stronger  and  more  efficient  apparatus  was 
needed  to  sink  cylinders  48  feet  deep  below  the  water  level,  through 
denae  sand,  as  in  the  case  of  the  large  Jumna  bridge ;  and  the  results 
of  nomeroas  trials  with  many  kinds  and  forms  of  the  tool  gave  a 
jham  such  as  is  shown  at  0  in  Fig.  7,  Plate  4,  and  Fig.  10,  Plate  5. 
This  jham  is  made  of  wrought  iron  with  a  scoop  2  feet  2  inches  wide 
and  2  feet  4  inches  long,  made  thin  and  sharp  at  the  front  edge,  and 
au}^rted  by  two  stays  fixed  to  the  sides  of  the  scoop  and  also  made 
Udn  and  sharp  at  tlieir  front  edges  for  penetrating  the  ground  readily ; 
the  whole  weighing  about  j  cwt. 

The  mode  of  using  this  jham  is  as  follows.  By  means  of  a  couple 
of  Topea  D  attached  to  the  tail  end  of  the  arm  E,  the  jham  is  lowered 
hf  hand  to  the  bottom  of  the  well,  till  the  cutting  edge  of  the  scoop  0 
and  the  outer  end  of  the  arm  E  rest  upon  the  sand,  as  shown  by  the 
fell  lines  in  Fig.  7,  Plate  4.  Then  with  the  weight  of  two  or  three 
men  bearing  on  the  top  of  the  vertical  pole  F,  which  is  held  in  place 
by  the  pin  at  the  bottom  passing  loosely  through  a  hole  in.the  tail  end 
of  the  arm  £,  the  scoop  is  raised  a  short  distance  by  the  ropes  D,  the 
outer  end  of  the  arm  resting  upon  the  sand  and  forming  a  sort  of  centre 
of  motion ;  and  the  scoop  is  then  dropped  with  the  weight  of  the  men 
bearing  upon  it,  and  its  cutting  edge  is  thus  forced  into  the  sand.  By 
repeating  these  strokes  the  scoop  is  forced  into  the  position  shown  in 
Fig.  8,  Plata  5,  the  workmen  knowing  by  the  feel  when  the  scoop  is 
deep  enough  in  the  sand.  Then  with  the  weight  of  the  men  still  on 
the  vertical  pole  F,  the  jham  is  hauled  up  by  means  of  tho  windlass  G, 
round  the  barrel  of  which  the  chain  is  wound  that  is  attached  to  the 
•ztremity  of  the  arm  Ef  the  jham  being  thereby  tilted  into  the 
position  shown  in  Fig.  9,  and  brought  up  filled  with  sand  as  shown 
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dotted  in  Fig.  7,  Plate  4.  It  requires  ten  men  at  the  windlass  to 
move  the  jham  when  bedded  in  the  sand  in  the  position  shown  in 
Fig.  8,  and  lift  it  to  the  position  shown  in  Fig.  9 ;  it  is  then  drawn 
np  to  the  top,  emptied,  and  the  process  repeated. 

After  the  first  length  of  12  feet  of  brick  cylinder  has  been  sank 
down  to  the  water  level,  an  additional  15  feet  is  added,  as  shown  in 
Fig.  5,  Plate  3;  and  the  process  of  sinking  continues  till  the  15  feet 
added  has  been  sunk,  when  an  additional  16  feet  is  added,  making  a 
total  of  43  feet  depth.  As  a  precaution  for  preventing  the  curb  and 
lower  portion  of  the  brick  cylinder  from  parting  from  the  upper 
portion,  in  consequence  of  the  latter  being  held  by  the  friction  of  the 
sand  being  greater  at  that  part,  which  is  found  sometimes  to  occur, 
provision  is  made  on  the  curb  for  attaching  six  holding  up  bolts, 
which  are  built  into  the  brickwork  for  a  length  of  16  feet,  as  shown 
in  Fig.  5,  Plate  3,  and  at  intervals  of  every  5  feet  a  ring  of 
flat  iron  is  dropped  over  all  the  bolts  and  cottered  down  on  to  the 
brickwork. 

The  rate  of  sinking  of  the  cylinders  is  far  from  regular;  at 
starting  the  progress  is  pretty  even,  the  cylinders  going  down  from 
15  to  9  inches  per  day ;  but  the  average  rate  of  sinking  when  down  to 
20  feet  is  not  more  than  4^  inches  per  day;  and  beyond  that  depth 
the  rate  of  progress  gradually  decreases  till  it  is  not  more  than 
1 J  to  1  inch  per  day  of  24  hours.  The  plan  that  is  adopted  where  the 
sinking  goes  on  slowly  is  to  add  extra  weight  on  the  top  of  the 
cylinder,  either  by  building  extra  brickwork  or  adding  a  load  of  rails. 
In  very  bad  cases  both  means  are  used,  till  a  weight  of  40  tons  on 
each  cylinder  has  been  added ;  and  even  with  this  additional  load  on 
the  top  great  difficulty  has  been  met  with  when  the  sinking  has 
reached  a  depth  of  40  feet;  which  is  not  surprising  when  it  is 
considered  that  there  is  then  a  constant  pressure  due  to  40  feet  head 
of  water  acting  upon  the  sand  round  the  exterior  surface  of  the 
cylinder  at  the  bottom. 

When  the  cylinders  have  been  got  down  to  the  depth  of  43  feet 
they  are  ready  for  the  concrete  H,  Fig.  5,  Plate  3 ;  but  before 
throwing  in  the  concrete,  a  diver  supplied  with  8iebe*s  diving  apparatus 
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is  sent  down  to  clear  awaj  any  rubbish  that  may  be  left  at  the  bottom 

of  the  well,  and  level  the  space  under  the  curbs  for  the  reception  of 

Uie  concrete.      A  depth  of  15  feet  of  concrete  is  then  thrown  in, 

composed  of  1  part  of  fresh-burnt  unslaked  lime,  1  of  broken  bricks, 

and  2  of  nnderbumt  lime;    these  are  the  usual  proportions  of  the 

concrete  used  in  stopping  the  cylinders,  and  about  18  days  are  generally 

allowed  for  it  to  set.      A  disc  made  of  two  thicknesses  of  2  inch 

plmking  is  let  down  upon  the  surface  of  the  concrete,  weighted  by 

8  feet  thickness  of  brickwork ;  this  disc  is  a  little  less  in  diameter 

thtn  the  bside  of  the  cylinder,  so  as  to  pass  freely  down  on  to  the 

concrete,  the  space  between  the  edge  of  the  disc  and  the  sides  of  the 

cylinder  being  then  filled  in  with  wood  wedges  driven  by  diyers.     The 

object  of  putting  in  this  disc  is  to  prevent  the  concrete  being  disturbed 

bj  the  pressure  of  water  underneath,  whilst  the  water  is  being  baled  out 

hm  ibore  the  concrete,  preparatory  to  building  the  cylinder  up  solid. 

The  lime  used  in  India  is  peculiar,  and  is  called  ''khunkur.''     It 

is  picked  up  in  the  beds  of  rivers  and  small,  streams  after  the  rains, 

md  is  foand  sometimes  in  isolated  beds ;  but  generally  it  is  in  detached 

masses  composed  of  pieces  of  about  the  size  that  stone  is  broken  for 

metdling  roads.    It  is  of  a  light  grey  colour,  and  is  burnt  in  the  usual 

vaj,  either  in  heaps  or  in  kilns,  the  latter  being  preferred ;  and  the 

percentage  obtained  is  generally  about  55  per  cent.     The  mortar  used 

18  generally  made  of  1  part  of  lime  to  1  or  1^  parts  of  '*  soorkhee,*' 

which  consists  of  bricks  pounded  and  passed  through  a  sieve  of  8  meshes 

to  the  inch ;  this  mortar  is  of  the  best  description,  being  hydraulic, 

ud  setting  almost  better  in  water  than  out  of  it.      No  sand  is  found 

in  India  sufficiently  sharp  for  making  mortar ;  hence  the  use  by  the 

lULtires  in  the  first  instance,  and  now  by  Europeans,  of  brick-dust,  as 

it  maj  be  called,  in  place  of  sand  for  making  mortar. 

The  next  operation  after  having  made  tight  the  wood  disc  upon  the 
top  of  the  concrete  is  to  bale  out  the  water  and  build  up  the  void 
inside  the  cylinder  solid  with  rubble  stone,  as  shown  in  Fig.  5,  Plate  S ; 
this  is  carried  up  to  the  top  of  the  cylinders,  and  their  tops  are  thus 
ndncedio  an  even  bed  ready  for  the  covering  stones.  As  a  precaution 
to  prevent  these  stones  from  spreading,  a  groove  is  cut  in  the  top  of 
tbe  cylinders  6  inches  deep  and  extending  lengthways  of  the  pier,  as 
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seen  in  Fig.  4,  Plate  2  ;  into  this  grooye  the  large  stones  are  laid,  and 
they  stretoh  across  the  space  between  the  cylinders,  and  have  a  good 
hold  on  each  cylinder.  The  stones  are  all  cramped  at  the  joints  with 
li  inch  square  iron,  and  the  stones  in  the  next  course  above  are 
dropped  into  joggles  in  the  first  course.  The  hearting  of  the  cylinders 
is  then  carried  up  in  brickwork,  diminishing  by  a  set-off  of  2^  inches 
at  each  course  to  form  a  core  or  centre  for  the  corbelling  or  over-sailing 
of  the  brick  steining  of  the  cylinders.  A  similar  provision  is  made  on 
the  outside  of  the  cylinders  by  throwing  in  concrete  between  the 
cylinders,  and  building  concentric  rings  of  brickwork  upon  that :  over 
these  the  corbelling  on  the  outside  of  the  cylinders  is  carried.  There 
are  twelve  courses  of  brickwork  between  the  top  of  the  cylinders  and 
the  top  of  the  second  course  of  the  covering  stones ;  and  at  this  level 
there  is  a  through  or  bonding  course  of  ashlar,  running  transversely  to 
the  piers,  as  shown  in  Fig.  5,  Plate  8.  Up  to  the  top  of  the  plintli 
there  are  similar  courses  faced  only  with  ashlar,  the  backing  or 
hearting  being  large  mbUe.  The  piers  between  the  plinth  and  cap  are 
built  with  ashlar  fiiLcing  to  the  cutwaters,  blocking  courses  between  the 
shoulders  of  the  cutwaters,  tod  rubble  backing  behind  throughout  the 
whole  length  of  the  piers.  There  are  large  stones  for  carrying  the 
cast  iron  bed  plates,  upon  which  the  saddles  supporting  the  end 
standards  of  the  bridge  rest. 

Fig.  4,  Plate  2,  shows  a  complete  elevation  of  one  of  the  piers 
taken  transversely  of  the  bridge,  with  one  of  the  girders  in  position 
and  the  second  one  dotted ;  only  one  line  of  rails  being  at  present  in 
process  of  construction,  though  all  the  piers  and  abutments  are  made 
complete  for  a  'double  line  of  rails.  The  general  elevation  of  one  half 
of  the  complete  bridge,  shown  in  Fig.  1,  Plate  1,  contains  seven 
openings  in  the  half  length,  of  205  feet  clear  span  each.  The  girders 
are  wrought  iron  trusses  designed  by  Mr.  George  Bendel,  in  principle 
something  like  a  double  Warren  truss,  the  railway  being  carried  upon 
the  top,  and  a  public  roadway  upon  the  bottom  of  the  girders.  The 
girders  are  constructed  with  a  rectangular  box  at  the  top  and  flat 
tension  bars  at  bottom;  the  vertical  stmts  are  plain  bars  with  double 
angle  irons,  and  are  clipped  between  the  transverse  flanges  of  the  top 
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Imuc  ;  the  diAgonal  tiee  are  flat  bars.  In  the  construction  of  the  girders 
all  the  holes  are  drilled,  none  being  punched.  The  weight  of  the  pair 
d  girders  for  one  span  is  for  the  length  of  210  feet  between  the 
rapports  288  tons,  including  the  cross  girders  but  ezclusire  of  the 
eoroing  of  the  roadway  and  railway;  being  a  weight  of  27 J  cwts.  per 
foot  mn. 

The  section  of  the  river  bed,  Fig.  8,  Plate  1,  shows  the  body  of 
water  in  the  riyer  at  low  water,  and  the  lower  dotted  line  shows  the 
ordinaiy  rise  of  the  river  at  flood  time,  being  about  45  feet  rise : 
the  level  of  the  underside  of  the  girders  is  fljced  at  14  feet  above  the 
ordinaiy  flood  level.  The  upper  dotted  line  shows  the  extraordinary 
lise  of  51)  feet  that  took  place  in  the  years  1838  and  1861.  During 
the  tone  of  the  last  extraordinary  flood  of  1861  the  current  of  the  river 
increased  to  the  rate  of  9  miles  an  hour,  the  ordinary  rate  when  not., 
flooded  being  only  2  to  3  miles  an  hour. 


Mr.  SraoKO  exhibited  a  model  of  one  of  the  brick  cylinders  for 
fonning  the  bridge  piers,  showing  the  construction  of  the  wrought 
iron  curb  and  the  mode  of  building  the  brickwork  upon  it ;  and  also 
a  model  of  the  scoop  and  windlass  used  in  excavating  within  the 
cylinders. 

The  Ohairmait  asked  for  some  particulars  of  the  materials  through 
which  the  foundations  had  to  be  sunk. 

Mr.  Btbono  said  that  the  material  to  be  sunk  through  was 
generally  sand,  but  occasionally  beds  of  lime  and  clay  were  met  with, 
which  however  were  never  either  hard  or  very  thick.  This  process  of 
sinking  was  not  suited  for  getting  through  anything  much  harder  than 
ordinary  sand ;  consequently  when  lime  or  stone  boulders  were  met 
with  in  sinking  it  was  necessary  to  send  divers  down  to  break  up  the 
layer  of  hard  material,  so  that  the  pieces  could  be  got  up  by  means  of 
the  scoop.  When  the  cylinders  had  been  got  down  to  a  depth  of 
40  feet,  the  friction  produced  by  the  pressure  of  the  sand  on  the  outer 
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enrface  of  the  cylinder  was  80  great  and  the  sand  below  was  so  hard 
that  the  farther  progress  of  the  sinking  was  necessarily  slow.  Other 
modes  of  making  foundations  in  sand  had  been  tried,  but  the  plan 
now  described  was  the  only  means  that  he  knew  of  which  had  been 
successfully  adopted  for  sinking  brick  foundations  to  any  great  depth 
in  sand ;  and  he  believed  the  East  Indian  Railway  was  the  only  line 
upon  which  the  bridge  foundations  had  been  sunk  in  that  manner. 
Iron  cylinders,  such  as  had  been  used  for  piers  in  England,  were  not 
to  be  had  in  India,  and  the  plan  adopted  appeared  to  be  the  only  one 
ATailable  under  the  circumstances/ 

Mr.  H.  W.  Harhak  thought  the  plan  of  sinking  described  in  the 
paper  appeared  quite  suitable  for  sinking  foundations  in  sand ;  but  be 
considered  the  apparatus  employed  would  be  inadequate  for  getting  up 
any  material  of  greater  density,  such  as  clay.  He  was  at  present 
engaged  in  some  difficult  operations  of  a  similar  character,  in  sinking 
iron  cylinders  for  railway  bridge  piers  in  the  bed  of  the  Trent  near 
Keadby,  and  great  difficulty  had  been  found  in  getting  through  the 
bed  of  the  river,  the  interior  of  the  cylinders  being  kept  free  of  water 
by  maintaining  a  sufficient  pressure  of  air  inside  them,  and  the 
material  excavated  being  brought  up  and  transferred  through  the  air 
cell  at  the  top  of  the  cylinder  to  the  outside  by  hand  labour:  the 
process  was  the  same  as  that  employed  at  Rochester  bridge,  and  was 
indeed  the  only  one  whereby  the  difficulties  met  with  in  such  a  river 
could  be  overcome.  In  the  case  of  the  Indian  rivers,  as  described  in 
the  paper,  he  could  easily  understand  that  the  sand  could  be  got  out 
very  readily  by  the  scoop  employed  for  the  purpose:  but  he  was 
surprised  to  learn  that  the  progress  made  was  so  slow  as  only 
4  J  inches  depth  sunk  in  24  hours  at  a  depth  of  20  feet,  which  did  not 
seem  to  be  satisfactorily  accounted  for.  He  enquired  whether  any 
difficulty  had  beeij  experienced  in  keeping  the  brick  cylinders  vertical 
during  the  sinking,  and  how  that  was  efifected ;  for  if  the  building  of 
the  cylinders  were  kept  up  above  the  surface  of  the  ground,  they 
would  be  exposed  in  flood  time  to  a  tide  running  at  9  miles  an  hour, 
and  in  a  rapid  river  great  difficulty  was  found  in  sinking  iron  cylinders 
truly  vertical,  which  would  be  still  greater  in  the  case  of  brick 
cylinders  built  up  gradually. 
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Mr.  Strong  explained  that  in  the  Indian  Hvers  the  floods  occurred 
on]j  once  a  year,  and  the  pier  foundations  were  sunk  in  the.  intervening 
drj  season.  At  ordinary  low  water  the  current  ran  at  only  2^  miles 
tn  hour,  and  the  cylinders  stood  up  only  7  of  8  feet  ahove  the  bottom 
of  the  river.  The  means  adopted  for  keeping  them  vertical  in  sinking 
wss  to  move  the  windlass  round  through  a  quarter  of  a  circle  every 
ax  hours,  so  as  to  take  the  sand  with  the  scoop  from  .every  side 
sQOcessiTely  of  the  interior  of  the  cylinder.  In  taking  the  sand  from 
the  inside,  some  of  the  sand  outside  necessarily  got  forced  in  at  the 
hoitom  of  the  cylinder  by  the  external  pressure,  which  had  also  to  be 
got  out  by  the  scoop :  and  this,  with  the  continually  increasing 
density  of  the  sand,  was  the  reason  why  the  rate  of  progress  diminished 
80  rapidly  when  the  depth  sunk  was  considerable.  . 

Mr.  H.  Woods  asked  whether  any  other  plan  of  getting  up  the 
sand  had  been  tried,  besides  that  described,  in  order  to  raise  it  more 
quickly.  He  had  made  about  six  years  ago  for  Mr.  Ward  a  set  of 
machines  like  vertical  dredgers,  intended  to  be  used  on  some  of  the 
railways  in  India  for  getting  up  the  sand  in  sinking  pier  foundations, 
and  he  believed  it  was  intended  to  use  ten  of  the  machines  at  a  time. 
Each  dredger  had  about  thirty  light  wrought  iron  buckets,  12  or 
15  inches  long  and  the  same  breadth  at  the  widest  part,  with  the 
mouths  steeled :  there  was  an  adjustment  for  sinking  the  dredger 
down  to  work  to  a  depth  of  30  feet,  and  the  buckets  delivered  the 
fia&d  into  a  moveable  spout  worked  by  a  cam,  which  brought  the  spout 
forwards  to  receive  the  charge  of  each  bucket  as  it  came  to  the  top, 
and  then  drew  it  back  again  out  of  the  way  to  allow  the  empty  bucket 
to  pass  down  clear.  He  did  not  know  however  about  the  working  of 
these  machines. 

Mr.  Btrono  replied  that  the  dredgers  referred  to  had  been  used, 
but  only  to  a  depth  of  10  or  12  feet.  In  shallow  water  they  might  be 
used  advantageously,  but  at  a  greater  depth  the  inclination  was  too 
steep  for  them  to  work  well.  The  brick  cylinders  of  43  feet  depth  and 
6  feet  9  inches  inside  diameter  had  so  small  space  inside  for  the 
dredgers  that  the  buckets  had  not  room  to  deliver  themselves  in 
working  at  a  great  depth. 

The  Chairman  enquired  whether  the  layers  of  clay  that  were  met 
with  in  sinking  were  hard  enough  to  keep  out  the  water. 
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Mr.  Stboko  replied  that  the  clay  met  with  in  sinkiDg  in  sucli 
rirers  as  the  Jumna  was  not  hard  like  ordinary  hrick  clay,  but  was 
nearly  always  mixed  with  sand,  and  consequently  was  not  close  enougli 
to  keep  out  water  :  there  was  also  not  sufficient  depth  of  clay  for  the 
purpose.  For  more  than  half  way  down  in  the  linking,  a  great 
quantity  of  the  sand  outside  the  cylinders  had  to  be  taken  out  by  the 
scoop,  being  forced  up  into  the  bottom  of  the  cylinders  by  the  external 
pressure,  which  rendered  the  progress  of  sinking  so  slow :  but  when 
down  to  about  30  feet  depth  something  like  fine  gravel  was  met  with, 
which  was  easier  to  work,  although  less  was  got  out  at  each  haul  of 
the  scoop ;  and  this  did  not  run  in  from  the  outside  like  the  sand. 
With  35  to  40  feet  head  of  water  upon  the  sand  it  was  almost  as  hard 
as  stone,  and  there  was  great  difficulty  in  forcing  the  scoop  far  enough 
into  it  to  bring  up  a  large  quantity  at  one  time  :  this  did  not  howeyer 
materially  affect  the  progress  of  sinking.  Down  to  a  depth  of  10  feet 
from  the  surface  of  the  ground  the  rate  of  sinking  was  about  18  inches 
per  day. 

Mr.  H.  W.  Habman  asked  what  was  the  cost  of  sinking  the  brick 
cylinders  by  this  plan,  in  order  that  there  might  be  the  means  of 
comparing  it  with  the  cost  of  screw  piles  for  foundations. 

Mr.  Strong  said  the  cost  of  sinking  each  separate  cylinder  by  this 
plan  was  10^.  per  foot  down  to  5  feet  depth ;  between  5  and  10  feet  it 
was  208,  per  foot,  between  10  and  15  feet  305.  per  foot,  and  so  on, 
increasing  regularly  lOs,  per  foot  at  every  additional  5  feet  of  depth, 
down  to  40  feet  depth,  beyond  which  the  rate  was  90«.  per  foot. 
Those  were  the  rates  paid  to  the  men  for  labour  only,  the  materials 
being  found  for  them.  The  work  was  all  done  by  contract :  one 
contractor  undertook  the  sinking  of  one  or  more  cylinders  at  those 
rates,  and  paid  his  own  men. 

Mr.  H.  W.  Habman  thought  the  cost  of  the  sinking  at  that  rate 
would  be  greater  than  by  the  use  of  screw  piles.  He  enquired  whether 
all  the  cylinders  in  one  pier  were  sunk  simultaneously,  or  whether  they 
would  interfere  with  one  another  if  sunk  together. 

Mr.  Strong  replied  that  all  the  cylinders  were  sunk  together  in 
one  pier,  as  it  was  easier  and  much  quicker  work  to  sink  them  all 
together. 
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Mr.  J.  Fbbniib  asked  what  determined  the  depth  to  which  the 
cylinders  were  to  be  sunk ;  and  whether  at  the  hottom  of  the  deepest 
piers  the  material  was  still  the  same  or  was  found  to  vary. 

Mr.  Strong  replied  that  during  the  dry  season,  when  the  water 
was  low,  sections  were  taken  across  the  rivers,  and  the  depth  jof  the 
river  bed  was  never  found  to  vary  to  any  great  extent,  the  average 
greatest  depth  at  low  water  being  about  15  feet :  but  the  deepest  part 
was  seldom  found  in  the  same  place  two  seasons  running.  The  piers 
were  generallj  sunk  to  a  depth  of  about  43  feet  below  the  low  water 
level ;  and  borings  had  been  taken,  but  nothing  but  sand  was  found 
at  a  depth  of  80  feet  below  the  water  level.  Sometimes  the  sand 
had  been  found  to  be  mixed  with  clay  and  loose  stones,  but  nothing 
like  TO€k  was  ever  met  with. 

Mr.  E.  OiLKKS  enquired  whether  there  had  been  any  failure  with 
the  brick  piers. 

Mr.  Strong  said  the  only  failure  there  had  been  occurred  during 
the  high  floods  of  1861,  when  the  four  up-stream  cylinders  out  of  the 
ten  in  one  pier  fell  over.  This  was  owing  to  the  sand  inside  the 
cylinders  having  been  scooped  out  in  the  process  of  sinking  to  as  great 
a  depth  as  18  feet  below  the  curbs,  so  that  the  cylinders  were  hanging 
as  it  were  in  their  places,  held  up  only  by  the  friction  of  the  sand 
outside.  When  the  flood  came  down  and  the  water  began  to  eddy 
roimd  the  cylinders,  the  sand  was  set  in  motion  and  gradually  loosened 
round  them ;  and  eventually,  the  support  being  taken  away  from  them, 
they  -  slipped  down  and  in  so  doing  quietly  fell  over  on  their  sides. 
It  was  subsequently  ascertained  by  probing  with  steel  rods  that  the 
convex  side  of  the  cylinders  was  unbroken :  they  had  simply  fallen 
over,  but  had  not  broken  to  pieces. 

Mr.  F.  J.  Bramwell  asked  whether  the  fallen  cylinders  had  been 
r^laeed  yet,  and  whether  they  would  not  have  to  be  removed  for  the 
purpose. 

Mr.  Strong  said  the  cylinders  had  not  been  replaced  when  he 
left  India  last  year :  a  cofferdam  had  already  been  made  round  the 
spot  where  they  lay,  and  an  excavation  was  being  commenced  for  the 
purpose  of  getting  down  to  them.  When  got  at  they  would  have  to 
be  broken  up  in  order  to  be  removed. 
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The  Chairman  enquired  what  sort  of  mortar  the  cylinders  were 
built  with. 

Mr.  Strono  replied  that  the  mortar  used  in  bnilding  the  cylinders 
was  the  best  mortar  he  had  ever  met  with,  and  was  harder  to  break 
than  the  bricks  themselves.  The  lime  they  obtained  was  of  excellent 
quality  for  the  purpose,  and  pounded  brick  instead  of  sand  was 
employed  for  making  the  mortar,  and  was  used  everywhere  throughout 
India  in  preference  to  sand,  because  the  sand  was  too  fine.  He  had 
known  cases  where  brickwork*  had  had  to  be  broken  up  by  blasting 
with  gunpowder  on  account  of  the  mortar  being  so  strong. 

Mr.  F.  J.  Bramwbll  suggested  that  the  cylinders  might  be  sunk 
much  more  rapidly  if  they  were  weighted  with  an  additional  load  for 
the  purpose,  as  there  appeared  to  be  an  objection  to  increasing  the 
height  of  the  cylinders  in  order  to  get  a  greater  weight.  If  thej 
could  be  made  to  go  down  quicker,  he  thought  there  would  not  be 
so  much  sand  running  in  from  the  outside,  which  was  the  cause  of 
the  delay  in  sinking  ;  and  it  would  not  be  necessary  to  shift  the  scoop 
and  windlass  round  several  times  during  the  day  to  make  the 
cylinders  go  down  straight.  When  the  shaft  of  the  Thames  Tunnel 
on  the  Wapping  side  of  the  river  was  sunk,  the  brickwork  was  built 
up  to  a  height  of  25  feet  on  the  iron  curb  before  the  excavation  was 
commenced,  in  order  to  make  it  go  down  rapidly  and  steadily ;  and 
it  was  afterwards  loaded  two  or  three  times  during  the  sinking,  to  get 
it  down. 

Mr.  H.  W.  Harman  concurred  in  the  desirability  of  loading  the 
cylinders  in  order  to  sink  them  rapidly,  so  as  to  prevent  the  material 
outside  from  gettipg  forced  in  at  the  bottom  by  the  pressure  of  the 
water.  He  had  found  some  difficulty  with  the  iron  cylinders  of  the 
Trent  bridge  that  he  had  referred  to,  and  had  loaded  them  with  35  to 
40  tons  of  railway  rails  :  they  then  sank  rapidly,  and  nothing  had  to 
be  excavated  except  the  material  inside  the  cylinders,  as  none  of 
that  outside  found  its  way  in. 

Mr.  E.  GiLKBS  remarked  that  he  had  also  found  in  using  screw 
piles  that  when  the  screw  came  to  a  place  where  it  could  not  be  sunk 
further,  the  addition  of  a  heavy  weight  on  the  top  of  the  pile  would 
make  the  screw  bite  and  enable  the  pile  to  be  screwed  down  to  the 
required  depth. 
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Mr.  E.  A.  CowPBR  thought  that  not  only  was  weighting  necessary 
to  sink  the  cylinders  rapidly  enough,  bat  a  different  form  of  iron  curb 
was  desirable  at  the  bottom  of  the  cylinder,  to  avoid  having  snch  a 
large  flat  surface  at  the  bottom  of  the  cylinder,  which  must  oppose  a 
great  resistance  to  its  easy  descent.  He  suggested  that  if  the  outer 
edge  of  the  iron  curb  were  prolonged  considerably  in  advance  of  the 
bottom  of  the  brick  cylinder,  so  as  to  present  a  cutting  edge  all 
round,  the  cylinder  would  then  sink  faster,  because  the  projecting  curb 
would  reach  so  far  down  into  the  sand  -as  to  prevent  the  external  sand 
from  getting  forced  up  into  the  bottom  of  the  cylinder.  In  sinking 
pier  foundations  in  sand  or  any  other  loose  material,  rapidity  of  sinking 
WIS  indeed  essential,  in  order  to  avoid  raising  an  unnecessarily  large 
quantify  of  material.  In  sinking  hollow  piles  on  Potts'  plan,  by  making 
i  vacuum  inside  the  pile  with  an  air  pump  and  so  sucking  up  the 
water,  gravel,  mud,  or  other  material,  he  had  found  that,  when  there 
was  sufficient  exhausting  power  and  the  pipe  communicating  from 
the  exhausted  vessel  to  the  pile  was  of  sufficiently  large  area,  the 
pile  could  l>e  got  down  5  feet  at  a  suck  in  certain  cases ;  but  if  the 
suction  pipe  were  small  and  the  exhausting  were  done  gradually,  the 
outside  material  got  Buckqd  in  at  the  bottom  of  the  pile,  and  the 
sinking  was  slow,  besides  which  the  material  about  the  outside  of  the 
pile  waa  loosened.  Hence  it  was  desirable  to  take  out  the  material 
inside  the  pile  rapidly,  so  as  to  allow  as  little  as  possible  of  the 
external  material  to  be  drawn  in  at  the  bottom.  A  simple  apparatus 
had  been  used  by  Mr.  Eennard  for  sinking  pier  foundations  in  light 
soils  in  Spain  and  Italy,  consisting  of  a  rough  iron  box  3  or  4  feet 
diameter  and  about  2 J  feet  high,  with  an  open  pipe  at  the  top  about 
2  feet  high  and  9  inches  diameter,  in  which  a  cannon  ball  of  nearly 
the  same  diameter  was  suspended  by  a  chain  and  worked  up  and 
down  by  hand,  forming  a  rough  sort  of  pump :  at  the  bottom  of 
the  box  was  another  open  pipe  of  the  same  diameter,  standing 
np  4  or  5  inches  inside  the  box  and  projecting  about  6  or  8  inches 
below.  This  sand  box  was  lowered  down  to  the  bottom  of  the  water, 
and  the  ball  being  jerked  up  and  down  by  the  chain,  the  mixed 
water  and  sand  were  drawn  in  through  the  open  pipe  at  the  bottom, 
and  the  sand  fell  over  the  top  of  the  pipe  into  the  box,  while  the 
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watei;  escaped  throngh  yalres  opening  outwards  in  the  top  of  the  box. 
In  this  way  a  barrowfnl  of  sand  was  got  into  the  box  in  a  very 
few  minntes. 

The  Chairman  enquired  whether  any  experiments  had  been  made 
as  to  the  resistance  of  the  brick  cylinders  to  sinking,  and  the  weig^ht 
required  to  sink  them  in  the  sand. 

Mr.  Strong  replied  that  no  experiments  had  been  tried  as  to  what 
weight  it  would  take  to  sink  the  cylinders  deeper  in  the  sand  after  thej 
had  been  sunk  to  their  final  depth  ;  but  they  had  tried  an  experiment 
as  to  the  supporting  power  of  sand  under  water,  for  some  fear  had 
been  expressed  at  first  that  if  the  pier  cylinders  should  ever  be  left 
partially  unsupported,  by  the  sand  being  scoured  away  from  the  sides, 
they  would  under  the  weight  of  the  piers  and  superstructure  sink 
deeper  into  the  sand.     To  ascertain  whether  this  would  really  be  the 
case,  the  following  experiment  was  tried.     Two  g  inch  boiler  plates, 
6  feet  long  by  8  feet  wide,  were  rivetted  together,  and  20  holes  to  a 
scale  of  1- 100th  of  the  actual  diameter  of  the  brick  cylinders  were 
drilled  through  them  in  the  relative  positions  of  the  cylinders  in  two 
piers  of  the  bridge.     The  plates  were  then  bedded  on  sand,  which  was 
kept  constantly  wet  by  water  standing  at  the  same  level ;  and  the 
plates  were  weighted  till  there  was  a  pressure  of  18  lbs.  per  square 
inch,  equivalent  to  42  feet  head  of  water,  on  the  sand,  which  was  then 
assumed  to  represent  the  actual  condition  of  the  sand  under  the  pier 
cylinders  when  sunk  42  feet.    A  model  to  scale  of  one  span  of  girders 
was  made,  resting  on  10  cylinders  at  each  end,  Ig  inch  diameter  each ; 
the  ends  of  these  cylinders  were  dropped  through  the  holes  in  the 
plates,  which  were  drilled  slightly  larger  to  let  them  pass  freely 
through,  so  that  the  ends  of  the  cylinders  rested  on  the  sand  under 
the  pressure  of  18  lbs.  per  square  inch.    The  girders  were  then  loaded 
with  weights,  and  it  was  found  that  with  a  total  load  of  15*7  lbs.  per 
square  inch  on  the  cylinders  they  sank  d-8ths  inch  into  the  sand ;  and 
under  a  load  of  31*4  lbs.  per  square  inch  they  sank  l-16th  inch 
deeper;   but  from  that  point  up   to  the  heaviest  weight  imposed 
of  157  lbs.  per  square  inch  they  sank  no  further,  the  total  sinking 
not  exceeding  7-16ths  inch,  and  that  weight  remained  on  for  three 
months  without  the  cylinders   sinking  any  deeper.     The  load  of 
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157  lbs.  per  square  inch  was  equal  to  10  tons  per  square  foot^  but 
t2ie  actual  weight  of  the  foundation,  pier,  and  superstructure  was 
5650  tons  on  each  pier;  and  the  total  area  of  the  ten  cylinders  of 
13i  feet  diameter  in  each  pier  being  1430  square  feet,  the  actual 
pressure  on  the  foundations  was  not  quite  4  tons  per  square  foot. 
Hie  experiment  therefore  proved  that  the  piers  were  quite  safe  from 
sinking  deeper  in  the  sand,  even  under  a  load  of  more  than  double 
what  thej  had  actually  to  carry. 

Mr.  F.  J.  Bramwell  remarked  that  the  process  of  sinking  the 
brick  cylinders  in  the  manner  described  in  the  paper  might  have  the 
effect  of  diminishing  the  sustaining  power  of  the  sand,  in  consequence 
of  the  sand  not  being  left  dense  and  close  round  the  cylinders  but 
being  disturbed  by  the  act  of  sinking,  the  external  sand  getting  forced 
op  into  the  bottom  of  the  cylinder,  and  its  place  being  supplied 
by  loose  sand  running  into  the  vacancy  left  around  the  outside. 

Mr.  Stronq  observed  that  the  more  the  sand  was  agitated  about 
the  cylinders  the  faster  they  would  go  down  ;  and  he  had  succeeded  in 
sinking  three  piers  of  ten  cylinders  each  to  the  depth  of  43  feet  in  a 
single  season  of  three  or  four  months.  It  was  only  in  some  cases 
where  the  sand  was  denser  that  a  difficulty  had  been  found  in  getting 
the  cylinders  down. 

Mr.  E.  A.  CowpBR  remarked  that  the  sand  in  the  Indian  rivers 
was  constantly  shifting  about,  so  that  what  was  in  one  place  one 
season  was  in  another  place  next  season ;  and  therefore  it  could  be  of 
HtUe  consequence  to  the  supporting  power  of  the  sand  whether  it  were 
disturbed  or  not  in  the  sinking  of  the  piers.  The  sustaining  power 
of  sand  under  compression  was  shown  *  by  the  fact  that,  if  a  long 
vertical  cylinder  with  a  loose  bottom  were  fQled  with  sand,  the  pressure 
on  the  bottom  would  be  only  the  weight  of  the  cone  of  sand  resting  on 
the  base,  all  the  rest  of  the  sand  being  supported  by  the  friction 
against  the  sides  of  the  cylinder,  in  a  series  of  cones  as  it  were. 
Bind  was  a  very  good  foundation  if  it  was  not  disturbed  at  all. 

Mr.  H.  Woods  stated  that  about  two  years  ago  he  was  engaged 
under  the  direction  of  Mr.  J.  T.  Woodhouse  in  sinking  a  large 
well  at  Burton  for  the  supply  of  water  to  Messrs.  Allsopp*s  works ; 
the  well  was  40  feet  deep  and  40  feet  inside  diameter,  built  in 
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brickwork  3  feet  thick.    The  surface  of  the  ground  at  Burton  to  a 
depth  of  4  feet  was  generally  ordinary  soil,  below  which  was  a  bed  of 
gravel  and  sand  to  a  depth  of  from  30  to  40  feet ;  and  it  was  through 
this  bed  of  gravel  and  sand  that  the  40  feet  well  was  sunk.     Before 
commencing  the  sinking,  the  ground  was  levelled  down  to  an  even 
surface  at  the  water  line  of  Burton,   and  an  oak  curb  was  laid   of 
40  feet  inside  diameter  and  21  inches  depth,  made  of  a  wedge  form, 
the  top  side  being  21   inches  broad  and  the  bottom  cutting  edge 
3  inches  broad:  upon  this  curb  the  brick  wall  was  built  up  to  a 
height  of  18  feet  in  three  weeks'  time,  giving  a  weight  of  aboat 
300   tons.      The   excavation  was  then  commenced,   the  brickwork 
sinking  as  it  progressed ;  the  earth  was  dug  out  first  in  the  middle 
and  then  round  the  sides  close  under  the  curb.     The  brick  cylinder 
at  first  canted   over    slightly  to   one   side,   but  was   speedily    got 
straight  again  by  excavating  more  material  from  the  opposite  side ; 
after  which  it   went  down  all  right  without  any  fuiiiher  accident, 
and  was  sunk  at  the  rate  of  about  1  foot  per  day,  until  it  had  been 
got  down  more  than  12  feet.      The  building  of  the  brickwork  was 
then  continued  and  carried  on  up  to  a  total  height  of  32  feet,  the 
sinking  being  continued  at  the  same  time ;  and  it  was  found  that  the 
rate  of  sinking  was  dependent  simply  upon  the  rate  of  excavating,  and 
the  brickwork  could  be  sunk  as  much  as  18  inches  per  day  when  the 
excavation  was  done  more  rapidly,  showing  that  the  external  friction 
of  the  ground  had  not  much  effect  upon  the  sinking  in  that  instance. 
In  this  way  the  brickwork  was  got  down  perfectly  safe  to  the  depth  of 
40  feet,  into  the  position  it  was  to  occupy,  and  the  bed  of  marl 
below  was  levelled  to  form  the  bottom  of  the  well ;  it  had  sunk  no 
further  since  then,  notwithstanding  the  whole  weight  of  the  brickwork 
amounted  to  about  600  tons.     The  well  now  yielded  from  500  to 
600  barrels  of  water  per  hour,  each  barrel  containing  36  gallons. 

Mr.  E.  GiLKBs  enquired  whether  the  number  and  size  of  the  brick 
cylinders  in  the  Jumna  bridge  were  the  result  of  experiment ;  and 
what  was  the  cost  of  construction  in  that  case  as  compared  with  the 
cost  of  larger  cylinders,  fewer  in  number. 

Mr.  Strong  replied  that  some  bridges  in  Bengal  had  brick 
cylinders  of  18  feet  diameter,    three  in   each   pier,  standing  on  a 
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solid  cUj  foundation  ;  but  the  cylinders  of  the  Jumna  bridge,  13}  feet 
diameter,  were  the  largest  he  had  seen  himself,  and  he  had  sunk  also 
some  of  10  and  12  feet  diameter.  He  did  not  know  the  relative  cost 
of  the  different  siees,  bnt  the  objection  to  cylinders  of  large  diameter 
was  that  they  were  more  liable  to  crack  from  not  sinking  evenly.  If 
the  cylinder  hnng  at  all  in  sinking,  the  brickwork  was  liable  to  crack ; 
and  some  of  the  cylinders  he  had  been  sinking  cracked  three  or  four 
times  in  going  down,  but  the  precaution  adopted  of  building  in  holding 
up  bolts  prevented  any  injury  to  the  work. 

Mr.  E.  OiLKBS  asked  whether  boulders  were  met  with  frequently 
in  sinking. 

Mr.  Stroho  said  boulders  were  not  very  often  met  with,  but  when 
they  did  occur  divers  were  sent  down  to  excavate  the  sand  around  them 
and  break  them  in  pieces,  so  that  they  could  be  got  up  by  the  scoop. 
Bometimes  the  obstruction  was  a  boulder,  and  sometimes  a  piece  of 
driftirood. 

Mr.  E.  GiLKEs  enquired  whether  the  bridge  was  completed  yet 
and  in  use. 

Mr.  Stboho  replied  that  it  was  not  finished  yet :  the  photograph 
exhibited  showed  its  state  fifteen  months  ago  with  the  first  span  of 
the  superstructure  completed. 

The  Ghaibman  proposed  a  vote  of  thanks  to  Mr.  Strong  for  his 
paper,  which  was  passed. 


The  following  paper,  communicated  through  Dr.  A.  W.  Williamson 
of  London,  waa  then  read : — 
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ON    A 
TYPE    COMPOSING   AND    DISTRIBUTING   MACHINE. 


By  Mr.  WILLIAM  H.  MITCHEL,  of  LoiirDON. 


Although  the  process  of  printing  from  moveable  types  has  by  the 
power  press  been  accelerated  a  hundred  fold,  the  art  of  composing 
the  types  in  order  to  be  printed  from  has  not  advanced  a  step  since 
Guttenberg^s  time.  About  fifty  millions  of  letters  daily  are  composed 
and  distributed  in  the  United  Kingdom  ;  and  every  one  of  these  is 
picked  from  a  box  by  the  fingers,  and  afterwards  returned  to  it  in  the 
same  manner,  without  any  sort  of  mechanical  aid.  Nevertheless 
during  the  last  twenty  years  fully  twenty  attempts  have  been  made  by 
English,  French,  German,  Danish,  Italian,  and  American  inventors 
to  effect  an  economy  in  this  direction.  Three  inventors  have  died 
recently,  after  devoting  seventeen  and  eighteen  years  respectively  to 
this  subject,  and  have  left  the  eventual  introduction  of  machinery  for 
composition  still  a  question,  and  one  which  printers  in  general  yet 
decide  in  the  negative.  In  order  to  appreciate  the  efforts  of  these 
numerous  inventors  it  is  necessary  to  have  a  clear  idea  of  the  nature 
of  the  work  to  be  performed. 

The  work  of  the  compositor  may  be  divided  into  five  operations: — 
Composition,  Justification,  Making  up.  Correction,  and  Distribution. 
Composition  consists  in  picking  up  one  by  one  the  various  letters  or 
**  sorts'^  out  of  a  wooden  tray  divided  into  compartments,  called  the 
"case"  ;  and  laying  them  together  in  line  in  the  order  required  to 
form  words,  with  small  blocks  or  blank  spaces  of  a  uniform  size 
between  the  words.  As  however  all  the  lines  of  a  page  must  be  of 
the  same  length,  and  as  all  words  do  not  consist  of  the  same  number 
of  letters  and  all  letters  are  not  of  the  same  thickness,  the  lines  have 
to  be  made  to  correspond  in  length,  either  by  dividing  a  word,  or 
when  that  is  not  possible  by  increasing  or  diminishing  the  spaces 
between  the  words.     This  is  called  Justification,  and  in  performing  it 
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ike  eompositor  begins  to  measare  by  eye  the  length  remaining  to  be 
filled  as  the  composition  approaches  the  end  of  the  line,  and  the 
words  to  be  put  into  it,  and  inserts  accordingly  either  larger  or 
smaller  spaces  between  the  words.  The  spaces  thns  inserted  however 
must  not  be  out  of  proportion  to  an  unsightly  extent  with  those 
already  in  ;  and  hence  it  generally  happens  that,  notwithstanding  all 
the  previoos  care  in  composing,  some  of  the  work  at  least  has  to  be 
gone  over  again,  the  spaces  already  in  being  taken  out  and  others 
pat  in :  and  the  final  tightening  of  the  line  in  the  composing  stick  is 
done  altogether  by  trial.  Making  up  is  the.diyiding  of  the  composed 
matter  into  pages  of  a  given  number  of  lines,  and  does  not  specially 
concern  the  present  subject.  The  same  remark  applies  to  Correction, 
Lastly  Distribution  is  the  process  by  which  the  types,  after  being 
printed  from,  are  returned  each  to  its  proper  compartment  in  the  case, 
ready  to  be  again  composed  in  new  combinations.  It  consists  in 
taking  with  the  finger  and  thumb  of  the  right  hand  eight  or  ten 
letters  from  a  block  of  matter  held  in  the  left,  reading  them,  and  then 
dropping  them  successively  into  their  several  boxes,  which  operation 
is  repeated  till  the  whole  work  is  distributed. 

These  five  operations  represent  the  work  of  the  compositor  in 
about  the  following  proportions  : — 

Ck>mpo8ition  ...      55  per  cent. 


Justification 
MakiDg  up 
Correction 
Distribution 
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7 
7 

U 


Of  these  processes,  justification,  making  up,  and  correction  have 
never  been  attempted  by  machinery.  The  fifth,  distribution,  is 
already  very  rapidly. effected  by  hand,  so  that  not  much  scope  is  left 
for  Baying  of  labour ;  but  inasmuch  as  all  composing  machines  require 
the  letters  to  be  primarily  disposed  in  lines  ready  for  setting  up,  it 
has  been  found  necessary  to  use  machinery  to  distribute  them  in  that 
manner:  this  is  however  an  accessory  and  not  a  principal  point. 
There  remains  only  composition,  that  is  the  mere  setting  up  of  the 
types,  in  which  to  effect  an  economy.  To  this  therefore,  and  to  the 
accessory  process  of  distribution  in  line,  inventors  have  directed  their 
efforts,  leaving  the  other  processes  to  be  done  in  the  ordinary  way. 
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It  is  of  coarse  impossible  to  constract  self-acting  machinery 
capable  of  setting  np  types;  for  the  matter  to  be  set  up  varies 
infinitely,  while  a  machine  can  prodnce  only  a  uniform  resnlt,  the 
conditions  remaining  the  same.  And  since  a  gniding  intelligence  is 
needed,  the  question  became,  on  what  kind  of  apparatus  could  this 
intelligence  act  most  rapidly,  so  as  to  produce  a  series  of  motions 
simple  in  themselves,  but  occurring  in  a  perpetually  varying  series  ? 
The  obvious  answer  was  <<  finger  keys,"  and  accordingly  all  composing 
machines  have  been  constructed  with  finger  keys.  But  here  a  difficulty 
presents  itself.  The  number  of  sorts  or  characters,  for  each  of  which 
a  type  reservoir  and  key  must  be  provided,  ranges  from  a  minimam 
of  forty  to  a  maximum  of  more  than  two  hundred.  The  space  required 
therefore  makes  it  necessary  to  place  some  at  least  of  these  type 
reservoirs  at  a  considerable  distance  from  the  point  at  which  the 
letters  must  meet  to  form  words.  Over  this  distance  the  types  cannot 
be  carried  directly  by  the  action  of  the  key,  without  giving  the  latter 
so  much  to  do  as  to  make  the  fingering  stiff  and  awkward.  A  secondary 
means  of  conveyance  from  the  separate  type  reservoirs  to  the  common 
receiver  has  therefore  to  be  provided :  which  must  be  so  arranged  that 
the  letters  from  whatever  distance  will  arrive  at  their  destination  in 
the  same  order  in  which  the  keys  are  touched.  As  this  is  the  main 
requirement,  the  manner  of  attaining  it  generally  prescribes  the 
character  of  the  details,  and  may  be  taken  as  the  distinctive  feature  of 
the  different  inventions  for  the  purpose. 

The  different  constructions  of  composing  machines  may  be  divided 
into  two  classes: — ^those  in  which  each  letter  is  by  a  rapid  motion 
carried  to  its  destination  before  the  next  letter  is  liberated ;  and  those 
in  which  several  letters  may  at  the  same  time  be  travelling  by  different 
routes  towards  the  point  of  setting  up,  the  means  of  transit  being  so 
arranged  with  regard  to  time  or  distance  that  the  letters  shall  arrive 
at  their  destination  in  their  proper  order.  To  the  first  class  belong 
Beaumont's  and  Loughborough's  machines,  in  which  the  carrying  is 
performed  by  an  arm  rotating  n^idly  in  a  horizontal  plane,  the  type 
reservoirs  and  the  receiving  line  both  forming  produced  radii  of  the 
circle  described  by  it,  and  the  action  of  the  key  being  to  bring  the  type 
within  the  sweep  of  the  arm.     The  second  class  comprises  the  machines 
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of  SoroMen,  Rosenberg,  Young,  Hattersley,  and  Alden,  together  with 
that  ionnmg  the  subject  of  the  present  paper. 

In  the  composing  machine  of  M.  Sdrensen,  a  Danish  inventor, 
which  attracted  much  notice  at  the  Paris  Exhibition  of  1855,  the 
type  reseryoirs  were  placed  round  the  edge  of  an  inyerted  hollow  cone, 
orer  the  inner  surface  of  which  the  types  slid  down,  and  through  the 
■pez  of  the  cone  to  the  receiyer.  Tfiis  brought  all  the  different  sorts 
vitiiin  an  equal  distance  of  the  receiver.  On  the  top  was  placed  a 
self-aetiDg  distributing  apparatus  to  supply  the  reservoirs  with  type. 

In  Rosenberg's  machine  the  type  reservoirs  were  arranged  as  vertical 
lines  in  a  row  facing  and  parallel  to  the  keyboard ;  underneath  them 
WIS  an  endless  band  traversing  rapidly  from  right  to  left,  which  carried 
the  letters  as  they  were  dropped  upon  it  to  the  receiver  placed  at  the 
left  of  the  machine.  The  drawback  to  this  arrangement  consisted  in 
the  fact  that  when  a  letter  near  the  left  had  to  follow  after  one  coming 
from  the  right,  lime  had  to  be  allowed  for  the  first  letter  to  pass  to 
the  left  before  the  second  key  could  be  depressed ;  a  drawback  however 
which  was  thought  to  be  counterbalanced  by  the  advantage  that,  when 
tbe  letters  occurred  in  a  series  which  extended  towards  the  right  along 
the  keyboard,  several  keys  might  be  depressed  simultaneously. 

In  Young's  machine  the  means  of  transit  from  the  type  reservoirs 
to  the  recdver  consist  of  a  plate  in  the  form  of  an  equilateral  triangle, 
indined  towards  one  of  its  angles,  and  furrowed  by  a  system  of  curved 
gtooTes  converging  towards  the  lowest  angle,  the  type  reservoirs  being 
mged  along  the  opposite  or  highest  side  of  the  triangle.  Through 
these  grooves  the  letters  descend  by  their  own  weight,  and  the  mode 
of  convergence  of  the  grooves  is  such  that,  although  the  type  reservoirs 
caaaot  aU  be  at  the  same  distance  from  the  receiver,  the  length  of 
their  route  thither  is  nearly  the  same ;  and  the  lime  of  transit  of  the 
letters  may  therefore  be  presumed  to  be  the  same.  A  self-acting 
distributor  is  also  employed,  which  however  works  independently  of 
the  compodng  madiine. 

In  Hattersley's  machine  there  are  points  of  resemblance  to  the 
pnoeding,  inasmuch  as  this  also  causes  the  letters  to  descend  through 
a  triangular  system  of  converging  grooves  to  the  receiver.  But  a  very 
condensed  arrangement  of  the  key  action  and  type  reservoirs  is  adopted 
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in  this  machine,  whereby  the  distances  are  made  less,  and  aooordinglj 
the  triangular  guide  plate  is  much  smaller,  being  in  a  vertical  plane, 
instead  of  inclined  like  that  in  the  preceding  machine.  The  delivery 
by  this  machine  is  almost  instantaneous,  so  that  each  letter  almost 
reaches  the  receiver  before  the  next  letter  begins  to  move.  The 
machine  has  also  the  advantage  that  the  line  in  course  of  composition 
is  directly  under  the  eye  of  the  compositor.  Mechanical  distribution 
is  here  discarded  altogether,  the  types  being  distributed  in  the  ordinary 
way  and  afterwards  arranged  by  children  in  the  required  manner  for 
the  composing  machine. 

The  combined  composing  and  distributing  machine  invented  by 
Mr.  Alden  of  New  York  is .  altogether  peculiar,  and  is  perhaps  the 
most  complex  and  comprehensive  machine  yet  constructed  for  the 
purpose.  In  the  centre  is  a  slowly  rotating  horizontal  wheel,  around 
which,  as  produced  radii,  are  placed  reservoirs  for  more  than  two 
hundred  sorts  of  types.  On  the  circumference  of  this  wheel  are  fixed 
sixteen  moveable  boxes,  serving  the  purpose  of  hands  to  take  up  and 
deliver  the  types,  eight  being  for  composition  and  eight  for  distribution. 
The  matter  for  distribution  is  placed  at  the  right  side  of  the  machine, 
and  each  distributing  box  as  it  passes  takes  away  a  type,  and  guided 
by  the  position  of  the  nicks  cut  in  it  deposits  it  in  its  proper  reservoir. 
At  the  other  side  of  the  machine  are  the  finger  keys,  whose  action  by 
an  indirect  and  intricate  process  sets  the  mechanism  of  each  composing 
box  as  it  passes  in  the  position  to  seize  a  particular  letter,  also  indicated 
by  its  nicks,  and  carry  it  to  the  receiver ;  so  that  precisely  the  same 
number  of  letters  is  distributed  and  composed,  and  thus  a  page  of 
printed  matter  is  distributed  line  from  line  and  letter  from  letter,  and 
the  letters  are  recomposed,  without  once  being  handled  by  the  compositor. 

The  Composing  Machine  now  exhibited  combines  Rosenberg's 
method  of  carrying  the  letters  by  endless  bands,  with  Young's  idea  of 
so  arranging  their  route  that  all  will  take  an  equal  time  to  reach  the 
receiver. 

The  general  arrangement  of  the  composing  machine  is  in  a 
horizontal  plane,  and  in  shape  it  resembles  a  triangular  table,  as  shown 
in  the  plan,  Fig.   1,  Plate  6.     The  table  is  traversed  by  a  series 
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of  parallel  endless  bands  A,  the  return  side  of  the  bands  passing 
nndemeath.  These  bands  are  all  made  to  travel  with  an  equal  and 
uniform  Yelodty  in  the  direction  of  the  arrows  hj  passing  round  the 
shaft  B  driven  by  the  steam  engine.  Obliquely  to  these  and  at  a 
somewhat  lower  level  a  collecting  band  G  skirts  the  machine  diagonally, 
deriving  its  motion  indirectly  by  a  round  driving  cord  from  the  same 
driving  shaft  B.  Above  the  bands  A  stands  a  row  of  the  type  reservoirs 
or  shdes  D,  one  band  passing  under  each  reservoir.  The  keyboard  E 
extends  along  the  front  of  the  machine,  each  key  communicating  with 
the  type  reservoir  directly  in  front  of  it.  The  sectional  view,  Fig.  3, 
shows  the  framing,  the  respective  levels  of  the  bands  A  and  C,  a 
section  of  the  bed  plate  F  which  supports  the  type  reservoirs  D,  and  the 
position  of  the  keyboard  £.  When  the  types  are  liberated  from  their 
respective  reservoirs  by  the  action  of  the  keys,  they  drop  on  the  parallel 
hands  A,  which  deliver  them  on  to  the  diagonal  collecting 'band  C, 
and  this  in  turn  carries  them  to  the  receiver  or  setting-up  wheel  at  0. 
The  parallel  bands  A,  Fig.  1,  Plate  6,  travel  at  the  rate  of  about 
six  inches  per  second,  and  the  diagonal  collecting  band  C  at  fifteen 
inches  per  second.  The  object  of  this  peculiar  arrangement  of  the 
bands  is  that  all  the  letters  may  take  an  equal  time  for  their  transit 
from  the  reservoirs  D  to  the  receiver  G.  Although  there  are  forty 
reservoirs  D  and  no  two  are  at  the  same  distance  from  the  receiver  G,  an 
equal  time  of  travel  for  each  type  is  obtained  by  the  use  of  these  two 
velocities  only.  The  route  of  each  letter  is  made  up  of  two  parts,  one 
on  the  slow  band  A  and  the  other  on  the  fast  band  C;  and  the 
proportion  of  these  parts  varies  with  the  whole  distance,  so  as  to  give 
in  every  case  a  mean  velocity  proportionate  to  that  distance,  so  that 
the  actual  total  time  of  passage  is  the  same  for  each  type.  Thus  in 
the  diagram  Fig.  2,  Plate  6,  if  A  D  be  the  line  of  reservoirs ;  D  G, 
T  R,  and  S  F,  bands  of  the  parallel  series  ;  A  G  the  diagonal  quicker 
moTing  band,  and  G  the  receiver :  then  S  has  further  to  travel  than  T 
in  order  to  reach  G.  But  T  has  the  part  T  R  slow  and  only  the  part 
R  G  fast,  whereas  S  has  only  the  part  S  F  slow  and  the  part  F  G  fast. 
In  order  to  find  the  necessary  proportion  of  speed,  suppose  D  and  S  to 
start  together ;  then  as  they  are  carried  on  bands  of  equal  velocity 
they  will  arrive  simultaneously  at  E  and  F,  when  one  will  still  have 


Digitized  by  VjOOQ  IC 


40  TTPB    8BTTIKO   MA0HINB8. 

to  trayel  over  E  Q  and  the  other  oyer  F  G ;  in  order  therefore  that 
they  may  complete  their  journey  together,  it  is  only  necessaiy  that  the 
velocities  along  E  0  and  F  Q  should  be  as  their  lengths.  And  the 
same  proportion  applies  to  all  the  cases,  the  several  triangles  being  all 
similar.  8ince  therefore  all  the  letters  take  an  equal  time  to  reach 
the  receiver  G,  any  two  starting  together  will  of  course  arrive  also 
together,  and  any  two  starting  in  succession  will  arrive  one  after  the 
other  in  the  same  succession ;  and  hence  any  number  of  letters  may  be 
played  out  in  any  series  from  the  type  reservoirs  D,  Fig.  1,  with  the 
certainty  that  they  will  arrive  in  the  same  series  and  with  the  same 
intervals  between  them  as  at  starting.  In  the  hands  of  a  swift  operator 
before  the  first  letter  of  a  sentence  has  reached  its  destination  twenty 
or  thirty  more  are  already  on  their  way ;  and  although  they  seem  to 
be  in  confusion  while  on  the  parallel  bands  A,  they  resolve  themselves 
into  a  string  as  they  fall  upon  the  diagonal  collecting  band  C,  with 
intervals  of  about  1^  inch  between  each  of  the  types. 

Following  the  course  of  a  type  in  its  transit  from  the  type 
reservoir  to  the  line  in  which  it  is  composed.  Fig.  4,  Plate  7,  is 
an  elevation,  and  Fig.  5  a  plan,  drawn  half  full  sise,  of  a  type 
reservoir  D,  with  the  key  and  key  action  E,  and  the  endless  band  A 
passing  underneath.  Fig.  6,  Plate  8,  is  a  back  end  view,  drawn  full 
size,  of  three  type  reservoirs  D,  and  the  key  action.  The  type 
reservoir  D  is  a  channel  or  slide  of  sheet  metal  inclined  at  an  angle  of 
about  55  degrees,  Fig.  6.  It  is  made  with  an  eye  at  the  back  to  fit  on 
a  pin  in  the  bed  piece  H  cast  in  type  metal.  These  bed  pieces  are  made 
to  fit  into  the  grooved  bed  plate  F,  Fig.  4,  and  overlap  one  another  so 
as  to  hold  in  a  recess  the  small  steel  stop  plate  I,  shown  black  in 
Fig.  6,  which  serves  as  the  stop  for  the  types  in  the  reservoir  D ;  and 
the  whole  of  the  parts  are  put  together  without  the  use  of  screws. 
When  the  types  are  brought  up  by  the  stop  I,  as  shown  at  the  first 
slide  B  in  Fig.  6,  the  lowest  has  already  passed  out  of  the  slide  D, 
but  is  prevented  by  friction  from  falling  out.  The  key  E,  Figs.  4  and  5, 
is  attached  to  a  rocking  shaft  J  fitted  in  bearings  at  each  end,  and 
carrying  at  the  end  next  the  type  slide  an  arm  E,  on  which  is  a  small 
shank  parallel  with  the  rocking  shaft  J.  On  this  shank  is  placed  the 
striker  L,  which  is  formed  as  a  tube  fitting  freely  on  the  shank,  and 
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hariog  flanges  projectiBg  from  it  on  each  side  of  the  stop  I  to  take  the 
tjpe.  The  striker  is  brought  up  against  a  stop  on  the  rocking-shaft 
um  by  a  light  india-mbber  spring  M.  When  the  key  E  is  depressed, 
a  partial  rotary  and  downward  movement  is  given  to  the  arm  E, 
and  the  striker  L  descending  takes  the  type  at  each  end,  as  shown  at 
the  centre  slide  8  in  Fig.  6,  and  forces  it  downwards  until  it  is  clear 
of  the  stop  I,  when  the  type  falls  upon  the  endless  band  A  below. 
The  types  in  the  reservoir,  overcoming  by  their  weight  the  resistance 
of  the  india-rubber  spring  M  that  holds  up  the  striker  L,  descend  at 
once  upon  the  stop  I,  forcing  the  striker  backward,  as  shown  at  the 
third  slide  T  in  Fig.  6.  The  key  being  now  released,  the  striker 
rises  and  recovers  its  former  position  by  means  of  the  india-rubber 
spring  M.  The  descent  of  the  key  is  regulated  by  a  screw  underneath, 
and  its  ascent  by  the  T  headed  screw  N  passing  through  it,  Figs.  4 
ud  5.  Under  the  key  is  a  very  weak  conical  spring  0  to  raise  it  when 
the  finger  is  lifted.  One  of  the  advantages  of  the  yielding  striker  L 
JQSt  described  is  that  this  spring  O  under  the  key  can  thus  be  much 
▼eaker,  not  having  to  overcome  so  much  resistance  in  raising  the  key : 
this  is  a  point  of  great  importance  as  regards  rapidity  of  fingering. 

The  types  thus  liberated  from  the  type  reservoirs  are  immediately 
earned  on  towards  the  diagonal  collecting  band  C,  on  which  they  are 
delivered  by  a  sort  of  curved  spout,  as  seen  in  the  plan,  Fig.  7, 
Plate  8,  where  the  types  are  represented  in  about  the  respective 
positions  they  would  occupy  if  played  out  in  the  succession  indicated 
by  the  numbers.  The  types  are  turned  into  their  new  direction  by  the 
motion  of  the  bands  themselves  :  it  was  a  point  of  some  difficulty  to 
find  a  means  of  transferring  them  from  one  band  to  the  other  at  a 
high  speed  without  turning  them  over,  and  the  difficulty  was  greater 
with  small  sizes  of  type. 

The  diagonal  collecting  band  C  carries  the  types  to  the  receiver, 
where  they  are  set  up  in  long  lines  by  a  kind  of  ratchet  wheel  G, 
Fig.  8,  Plate  9,  formed  of  successive  thin  steel  plates  with  discs  of 
sheet  metal  between,  as  shown  full  size  in  Fig.  9,  resembling  a 
nnmber  of  circular  saws  revolving  backwards.  On  the  circumference 
of  this  wheel  at  a  point  nearly  over  the  centre  the  types  are  delivered 
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by  means  of  a  small  shoot,  and  slipping  into  the  ratchets  are  carried 
round  into  a  yertical  position,  when  they  are  caught  by  small  steel 
fingers  placed  in  the  interstices  between  the  steel  plates  of  the  ratchet 
wheel,  as  shown  dotted  at  P  in  Fig.  8 ;  the  following  ratchet  teeth 
then  acting  as  cams  push  the  types  along  as  part  of  the  line  composed. 
The  shoot  and  wheel  G  are  tilted  slightly,  as  shown  in  Fig.  9,  causing 
the  types  to  hug  the  lower  side ;  and  the  wheel  has  one  plate  of  larger 
diameter  on  that  side,  serring  as  a  fence  to  prevent  the  types  from 
falling  off.  The  other  side  of  both  wheel  and  shoot  is  left  open,  so 
that  if  two  keys  should  be  touched  at  the  same  time  or  any  other 
accident  should  cause  two  letters  to  anriye  together  at  the  setting-up 
wheel,  one  is  thrown  off  and  no  choking  takes  place,  the  type  thrown 
off  being  caught  in  a  tray  fixed  b^low. 

The  lines  of  type  composed  in  this  manner  pass  out  upon  a  long 
moveable  rod,  which  when  fiill  is  emptied  on  a  kind  of  desk  with 
ledges,  where  it  is  justified.  This  is  done  in  the  ordinary  way,  except 
that  the  lines  are  lifted  into  the  compositor's  <<  stick  "  with  one  hand, 
by  means  of  a  grab  of  sheet  metal,  slightly  curved,  having  one  end 
hooked  and  a  lug  at  the  other  end.  The  lug  being  laid  hold  of  by  the 
forefinger  and  a  slight  pressure  exerted  by  the  thumb  upon  the  end 
of  the  line  of  type,  the  latter  forms  itself  into  an  arch  in  the  grab, 
and  may  then  be  lifted  without  risk  of  falling  to  pieces.  This  is  done 
very  rapidly  with  a  little  practice.  The  types  once  in  the  composing 
stick,  which  is  of  the  usual  pattern,  the  remaining  parts  of  the 
process,  justification,  making  up,  and  correction,  are  performed  by  the 
compositor  in  the  ordinary  manner. 

This  new  method  of  composition  makes  it  necessary  to  adopt  a 
new  plan  also  for  storing  the  type,  the  old  cases  being  no  longer  of 
any  use  for  that  purpose.  For  the  composing  machines  the  letters 
must  always  and  under  all  circumstances  be  kept  arranged  in  line. 
When  in  store  therefore  they  are  placed  on  thin  wooden  slats  13  inches 
long,  so  formed  that  a  number  of  them  charged  with  type  may  be  laid 
together  or  lifted  together.  These  slats  are  placed  on  racks  under 
the  composing  machine,  and  in  feeding  the  machine  the  lines  of  letter 
are  slipped  sideways  off  the  slats  into  the  type  reservoirs  D  of  the 
machine,  Figs.  4  and  5,  Plate  7. 
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This  wmpomng  maohiQe  ia  capable  of  setting  up  types  at  the  rate 
of  6  letters  per- second  or  21,600  per  hour ;  but  as  the  compositor's 
fingers  cannot  attain  to  each  rapidity,  and  allowance  has  to  be  made 
for  the  operations  of  justifying  and  oorreoting,  the  work  of  an  average 
trained  compositor  will  probably  not  exceed  24,000  or  25,000  letters 
per  day,  which  is  about  equal  to  the  work  of  two  men  setting  up  type 
hj  hand  in  the  ordinary  mode.  Each  composing  machine  can  employ 
two  men,  making  the  daily  production  about  50,000  letters  with 
one  machine. 

When  the  composed  matter  has  returned  from  the  press,  all  that 
remains  is  to  distribute  the  various  types  into  separate  receptacles  and 
replace  them  on  the  store  slats,  so  that  they  may  be  used  again  in  the 
oampodng  machine.  The  first  step  is  to  place  several  lines  of  a  page 
end  to  end,  so  as  tp  form  a  single  long  line  of  letters,  in  which  form 
^  are  fed  into  the  self-acting  Distributing  Machine,  the  general 
inangement  of  which  i3  shown  in  the  plan.  Fig,  XO,  Plate  10,  drawn 
half  fall  size.  The  long  line  of  letters  is  placed  in  a  horizontal  feed 
diaanel  A,  in  which  they  are  drawn  forwards,  a«  successively  distributed^ 
by  the  follower  B  witil»  a  string  and  weight  attaphed,  moving  in  the 
direction  of  the  arrow.  At  the  mouth  of  the  feed  channel  they  are  cut 
off  smgly  by  the  vibrating  striker  0,  and  fall  into  grooves  out  in  the 
circamference  of  the  conical  distributing  wheel  P,  whioh  revolves 
horisontally  at  a  slow  speed  beneath.  The  distributing  wheel  D 
revolves  above  a  stationary  base  B),  also  conical,  the  two  forming 
together  a  frustum  of  a  cone,  as  shown  in  Fig.  17,  Plate  11.  At  the 
lower  end  of  each  of  the  sixty  grooyes  in  the  circumference  of  the 
distribating  wheel  is  a  small  pin  F,  Figs.  17,  18,  and  19,  on  which 
the  types  as  they  fisU  through  the  grooves  become  suspended  by  means 
of  nicb  cut  in  their  sides,  but  not  until  their  lower  ends  have  passed  a 
short  distance  out  of  the  grooyes,  so  that  the  foot  of  the  lype  projects 
orer  the  sur&ce  of  the  stationary  base  £].  As  the  nicks  are  cut  in 
diffisraat  positions  in  the  different  letters,  some  types  project  further 
from  the  grooyes  than  others,  and  so  descend  further  over  the  surface 
of  the  eottical  base  E,  as  seen  in  the  diagram  Fig.  21,  Plate  12, 
wbidi  represents  an  elevation  of  a  p<Hrtion  of  the  drpumference  of  the 
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distributing  wheel  D  and  base  E,  projected  all  in  one  plane  for  the 
sake  of  illustration.  On  the  base  E  is  fixed  a  series  of  offsets  G, 
each  presenting  a  horizontal  incline  to  the  lower  ends  of  the  types,  as 
these  are  carried  round  by  the  distributing  wheel ;  and  when  the  foot 
of  a  type  comes  in  contact  with  one  of  the  offsets  it  is  canted  ontwards 
by  the  incline,  until  the  nick  by  which  the  letter  hangs  becomes  clear  of 
the  suspending  pin  F,  when  the  type  drops  into  one  of  a  series  of 
radial  receiving  lines  H  in  the  stationary  base  E,  and  is  immediately 
pushed  forwards  along  the  line  to  make  room  for  others,  as  shown  in 
Fig.  17,  Plate  11. 

The  offsets  G,  Fig.  21,  Plate  12,  are  arranged  in  a  series  of  steps 
ascending  in  the  direction  of  the  distributing  wheel*  s  motion,  each 
being  fixed  a  little  higher  up  on  the  base  E  and  therefore  nearer  the 
wheel  D  than  the  one  behind  it.  Consequently  those  letters  which 
project  the  furthest  below  the  grooves  of  the  distributing  wheel  are 
first  brushed  off,  and  the  rest  follow  in  due  succession.  As  all  the 
letters  are  thus  removed  in  the  course  of  one  revolution  of  the  wheel, 
the  grooves  return  empty  under  the  feed  channel  A,  Fig.  14,  Plate  11, 
to  be  again  filled;  and  so  the  distributing  wheel  goes  on  filling, 
emptying,  and  refilling  itself,  till  the  line  of  letters  to  be  distributed 
is  exhausted.  The  receiving  lines  H,  Figs.  17  and  21,  placed  under 
the  several  offsets  G,  extend  outwards  radially,  as  shown  in  the  plan, 
Fig.  10,  and  are  13  inches  long,  each  having  a  small  loose  sliding 
block.  Fig.  17,  to  keep  the  types  upright  in  the  line.  As  each  line 
fills  up  with  its  appropriate  letter,  the  contents  are  slid  out  by  the 
attendant  on  to  a  brass  rod,  dumped  on  the  store  slats,  and  placed 
on  the  racks  under  the  composing  machine,  ready  for  use  again  in 
composing. 

The  first  difficulty  in  the  distributing  machine  was  to  find  a  means 
of  cutting  off  the  letters  one  at  a  time  from  the  feed  line  A,  Fig.  10, 
Plate  10,  as  they  often  adhere  strongly  together  with  printing  ink, 
and  are  moreover  of  many  different  thicknesses,  some  being  five  times 
thicker  than  others.  This  is  effected  by  the  following  contrivance. 
The  feed  line  A  when  drawn  forwards  in  its  channel  is  brought  up  at 
the  end  of  the  channel  by  an  inclined  stop  I,  Figs.  11  to  16,  Plate  11, 
formed  of  a  small  steel  plate,  shown  black  in  Figs.  11  to  18,  projecting 
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a  short  distance  across  the  mouth  of  the  channel  A,  and  placed  at  an 
angle  of  45  degrees  to  its  bed.  When  a  thin  letter  is  foremost,  as  in 
Fig.  11,  the  advance  of  the  line  is  arrested  by  the  npper  edge  of  the 
8tq>  plate  I,  which  is  sufficiently  far  in  advance  of  the  channel  month 
to  pennit  all  ^pes  under  a  certain  thickness  to  clear  the  channel.  But 
in  all  types  above  this  thickness,  a  nick  is  cut  in  the  side  of  the  type, 
into  which  the  upper  edge  of  the  stop  plate  I  passes,  as  in  Figs.  12,  13, 
and  14 ;  and  the  advance  of  the  line  is  then  checked,  not  by  the  upper 
edge  of  the  stop  plate,  but  by  the  lower  side  of  the  nick  coming  in 
contact  with  the  under  sloping  face  of  the  plate  I.  The  point  at  which 
the  type  is  arrested  depends  of  course  upon  the  distance  the  nick 
extends  downwards  in  the  type,  and  this  distance  is  always  made 
proportionate  to  the  thickness  of  the  letter,  as  illustrated  by  the  types 
shown  full  size  in  Figs.  22  to  25,  Plate  12 ;  the  nick  Q  is  widest 
in  the  thickest  type,  Fig.  22,  and  not  so  wide  in  the  thinner  type. 
Fig.  23,  while  ih6  thinnest  type  is  devoid  of  the  hick  altogether, 
Figs.  24  and  25.  In  this  manner  every  letter  of  whatever  thickness  is 
permitted  to  pass  out  just  clear  of  the  feed  channel  mouth ;  and  is 
then  cut  off  by  the  vibratory  motion  of  the  striker  C,  Figs.  15  and  16, 
without  danger  of  carrying  another  letter  with  it. 

The  plans.  Fig.  10,  Plate  10,  and  Figs.  15  and  16,  Plate  11, 
fthow  the  arrangement  of  the  parts  for  cutting  off  the  letters  from  the 
feed  line  A  in  the  distributor.  The  striker  G  is  a  lever  vibrating 
horisontally  on  a  vertical  centre  and  receiving  its  vibratory  motion 
irom  the  cam  J  on  the  vertical  driving  shaft  of  the  machine.  On  the 
same  shaft  is  a  second  retarding  cam,  which  presses  against  the  forked 
break  lever  E,  Fig.  16,  serving  to  retard  the  advance  of  the  line  of 
letters  and  prevent  a  sudden  blow  of  the  foremost  letter  against  the 
stop  plate  I.  The  return  motion  of  the  striker  is  effected  by  a  spring 
bearing  against  a  second  spring  L,  which  when  pressed  upon  by  the 
first  spring  bears  against  the  leading  letters  of  the  line  A,  as  in 
^.  16,  and  holds  them  steady  while  the  first  letter  is  cut  off  for 
distribution,  preventing  the  next  letter  from  being  pushed  forwards 
sgahut  the  end  of  the  striker  0.  During  the  first  90  degrees  of 
rerolution  of  the  vertical  driving  shaft  J,  the  retarding  cam  and  break 
lever  K  allow  the  line  of  letters  to  advance  until  the  foremost  letter  is 
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brought  np  by  the  stop  I ;  the  break  lever  K  then  remains  pressed 
against  the  front  letter  of  the  line  by  a  weak  spiral  spring.  In  the 
next  80  degrees  of  rerolntion  the  striker  cam  J  acting  against  the 
roller  upon  the  striker  C  cats  off  the  foremost  letter  from  the  line ;  and 
during  the  next  30  degrees  of  reyolntion  the  striker  is  held  by  the 
cam  J  in  this  position,  as  shown  in  Fig.  16,  Plate  11,  so  as  to  give 
the  letter  time  to  drop  through  the  shoot  M  into  the  distributing  wheel 
below;  in  another  80  degrees  the  striker  returns  to  ite  original 
position  shown  in  Fig,  15,  the  driving  shaft  J  having  then  aocomplished 
half  a  revolution.  Die  other  half  revolution  is  similar ;  so  that  eadi 
turn  of  the  driving  shaft  cuts  off  two  letters,  and  the  driving  shaft 
being  geared  to  the  central  spur  wheel  N  so  as  to  make  thirty 
revolutions  for  one  of  the  central  wheel,  one  letter  drops  into  each  of 
the  sixty  grooves  of  the  distributing  wheel  D  as  it  passes  beneath 
the  striker  0.  The  shoot  M,  Figs.  13  and  14,  Plate  11,  conveying 
the  types  into  the  grooves  of  the  distributing  wheel,  has  a  guide  on 
one  side  only,  to  guide  the  types  into  the  grooves  of  the  wheel,  since 
the  latter  moves  in  the  direction  of  the  arrow,  Fig.  14 ;  and  the 
grooves  have  tapered  openings  with  the  same  view. 

The  diagram  Fig.  21,  Plate  12,  represents  the  distributing 
wheel  D  charged  with  types,  moving  in  the  direction  of  the  arrow ; 
also  the  stepped  series  of  offsets  G  on  the  base  E,  and  the  radial 
receiving  lines  H.  Fig.  18,  Plate  11,  is  a  section  of  the  circumference 
of  the  distributing  wheel  D  through  one  of  the  grooves,  showing  the 
manner  in  whidii  the  types  are  suspended  on  the  pins  F.  Fig.  19  is 
an  end  view  of  a  groove  and  type,  enlarged  to  double  full  sise, 
showing  how  the  type  descends  through  the  groove,  tilted  up  with  one 
side  resting  on  the  pin  F,  until  a  nick  occurs  in  that  side,  when  it  drops 
on  the  pin  and  becomes  suspended.  Fig,  17  exhibits  a  section  and 
profile  of  the  distributing  wheel  D  and  base  £,  showing  how  the  type, 
lifted  from  the  pin  by  the  offset  G*  falls  into  its  receiving  line  H, 
and  is  there  pushed  forwards  by  the  driver  0  worked  from  within  the 
base. 

Beferring  now  to  the  left  side  of  Fig.  21,  Plate  12,  the  type  No.  1 
is  there  shown  as  just  dropping  into  its  groove  in  the  circun^iference 
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of  the  difitribotiiig  wheel  from  Uie  feed  channel  A  of  the  machine.  It  is 
leoehred  npon  the  plate  of  steel  P,  attached  to  a  projection  of  the 
iHMe  E  and  oocapying  the  small  space  between  the  suspending  pins 
•nd  the  bottom  of  the  grooyes  in  the  distributing  wheel  D.  Carried 
along  by  the  motion  of  the  wheel,  the  foot  of  the  type  encounters  an 
ofietonihe  steel  plate  P,  presenting  a  horizontal  incline,  which 
poshes  its  foot  outwards  far  enough  to  enable  it  to  pass  over  the 
pitte  P  and  suspending  pin,  when  its  fall  downward  is  arrested  as  at 
type  No.  8  by  the  edge  of  the  inclined  plate  R  screwed  to  the  surface 
of  the  base  E;  and  following  the  descending  incline  of  the  plate  R 
u  at  Kos.  4  and  6,  and  with  one  side  resting  on  the  pin  F,  Fig.  19, 
Plate  11,  the  type  gradually  descends  until  the  nick  cut  in  its  side 
reaches  the  pin,  when  it  slips  on  to  the  pin  and  thereby  becomes 
nttpended,  and  is  so  carried  forwards,  like  Nos.  5,  7,  8,  9,  and  10. 
These  tjpes  it  will  be  observed  hang  at  different  heights,  and  are  thus 
fitted  to  come  in  contact  with  different  offsets  of  the  ascending  series  G. 
Nos.  11  and  12,  having  already  come  in  contact  with  their  appropriate 
oAets,  and  having  been  by  them  lifted  off  their  pins,  are  represented 
dropping  between  the  guides  into  their  receiving  lines  H. 

There  are  only  ten  offsets  in  the  first  stepped  series  0,  Fig.  21, 
Plate  12,  and  therefore  only  ten  letters  can  be  distributed  by  them :  but 
to  the  right  of  the  diagram  is  shown  a  second  descending  incline  R, 
ttd  the  commencement  of  a  second  series  of  stepped  offsets  G  and 
reoeiring  lines  H  like  the  first.  There  are  four  of  these  series  succeeding 
one  another  round  the  base  E  of  the  distributor,  and  the  manner  of  using 
them  is  as  follows.  8ince  there  are  forty  sorts  of  type  to  be  distributed, 
ind  each  requires  to  differ^ from  its  neighbour  by  l-82nd  inch  in  the 
position  of  its  distributing  nick  Y,  Figs.  22  to  25,  and  as  only  d-8ths 
bch  of  the  type^s  length  is  available  for  these  nicks,  it  becomes  necessary 
to  use  the  same  nick  for  several  letters.  This  is  done  by  combining 
with  it  a  second  nick  Z,  Figs.  28  to  25,  placed  nearer  the  foot 
of  the  tjpe ;  so  that  the  type,  becoming  suspended  by  this  lower  nick 
first,  is  held  above  the  reach  of  any  of  the  first  series  of  offsets,  and 
reserred  for  the  second,  third,  or  fourth  similar  series.  Thus  the 
types  Nob.  18,  14,  and  15,  in  the  diagram  Fig.  21,  Plate  12,  have 
one  nick,  the  upper  one,  similarly  placed  to  that  in  the  type  No.  12 ; 
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bat  haying  in  addition  a  nick  nearer  the  foot,  their  fall  has  been 
arrested  by  this  lower  nick,  and  so  they  have  been  carried  past  the 
place  where  No.  12  dropped  oflf.  When  the  type  No.  15  arrives  at  the 
commencement  of  the  class  or  series  to  which  it  belongs,  its  foot'meets 
with  an  offset  similar  to  the  others,  but  having  a  projection  below  ;  so 
that  the  type,  though  lifted  off  its  pin,  is  not  permitted  to  drop ;  but 
descending  the  second  incline  R  similar  to  the  previous  one,  as  at 
Nos.  16^ and  17,  it  will  then  become  suspended  by  the  upper  nick,  and 
will  afterwards  be  finally  lifted  off  the  suspending  pin  and  distributed  by 
the  corresponding  offset  of  the  second  series.  In  like  manner  the  types 
Nos.  14  and  13,  having  nicks  successively  still  nearer  the  foot,  will  be 
carried  respectively  past  the  second  and  third  divisions  and  distributed 
in  the  third  and  fourth  divisions.  The  nick  Z  near  the  foot.  Figs.  23 
to  25,  which  determines  the  series  or  class  that  a  letter  belongs  to, 
is  called  the  class  nick  ;  and  the  upper  nick  Y  which  determines  the 
particular  receiving  line  it  shall  fall  into  is  called  the  sort  nick.  Since 
therefore  the  four  series  of  offsets  are  all  similar,  each  class  nick  Z 
appears  in  ten  different  letters,  and  each  sort  nick  Y  in  four  different 
letters.  If  a  letter  belong  to  the  first  series,  it  has  the  sort  nick  Y 
only,  as  in  Fig.  22,  and  is  at  once  suspended  by  this  nick  and 
distributed ;  but  if  it  belong  to  the  second,  third,  or  fourth  series,  it 
has  the  class  nick  Z  also,  as  in  Figs.  23  to  25,  sufficiently  near  its 
foot  to  carry  it  clear  of  all  the  offsets  till  it  reaches  its  own  division, 
when  it  descends  to  its  sort  nick  Y  and  is  distributed.  All  the  ten 
letters  of  the  same  class  therefore  have  one  nick,  the  class  nick  Z,  in 
common ;  and  also  sort  nicks  Y,  differing  from  one  another  in 
the  same  class,  but  corresponding  to  the  sort  nicks  of  the  other 
classes.  In  this  manner  the  distributing  machine  divides  the  letters 
just  as  a  naturalist  divides  his  specimens  into  genera  and  species  ;  all 
the  members  of  a  class  or  genus  having  one  feature  in  common,  which 
serves  to  distinguish  them  from  the  members  of  the  other  classes ; 
while  each  particular  type  again  has  a  feature  peculiar  to  itself,  which 
serves  to  distinguish  it  from  the  rest  in  the  same  class. 

The  plan.  Fig.  20,  Plate  11,  shows  the  manner  in  which  the 
drivers  O  are  worked  for  pushing  the  types  along  in  the  receiving 
lines  H,  Fig.  10.     The  loose  ring  S  on  the  centre  spindle  of  the 
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distribnting  wheel  receives  an  oscillating  motion  from  the  connecting ' 
rod  and  crank  J  on  the  main  vertical  driving  shaft  of  the  machine  ^ 
and  has  the  four  series  of  drivers  O  jointed  round  its  circumference. 
With  everj  oscillation  of  the  ring  S,  the  drivers  O  advance  and 
recede,  the  machine  being  geared  together  so  that  their  advance 
coincides  in  point  of  time  with  the  passage  of  the  distributing  wheel 
grooves  above  the  receiving  lines  H,  so  that  they  advance  and  retire 
once  for  each  groove  in  the  wheel.  On  the  same  vertical  driving 
shaft  J  is  placed  the  cam  giving  motion  to  the  striker  C  at  the  mouth 
of  the  feed  channel.  Fig.  10,  whereby  the  movement  of  the  striker 
also  coincides  with  the  passage  of  the  distributing  grooves  below,  as 
already  described. 

In  order  to  prevent  any  injury  being  occasioned  by  accidental 
sticking  of  any  of  the  types  in  the  grooves  of  the  distributing  wheel, 
a  stop  action  is  provided  for  stopping  the  motion  of  the  machine 
immediately,  which  prevents  the  wheel  from  damaging  the  type  or 
receiving  any  injury  itself.  For  this  purpose  the  distributing  wheel  D, 
Fig.  10,  Plate  10,  is  carried  round  by  the  motion  of  the  spur  wheel  N 
by  means  of  the  spiral  spring  T  :  on  the  distributing  wheel  is  fixed  a 
projecting  stud,  contiguous  to  a  cranked  finger  U  centred  on  one  of  the 
arms  of  the  spur  wheel  N.  In  the  regular  working  of  the  machine  this 
finger  runs  round  loose  on  the  circular  plate  V  below,  which  forms 
one  end  of  a  stop  lever  connected  with  a  catch  W  that  stops  the  main 
driving  pulley  X  of  the  machine.  But  in  the  event  of  any  accident 
whereby  the  distributing  wheel  D  is  held  back,  the  finger  U  is  brought 
np  against  the  stud  on  the  distributing  wheel  and  is  thus  depressed, 
thereby  depressing  the  stop  lever  V  and  bringing  the  catch  W  against 
one  of  the  stop  pins  on  the  driving  pulley  X.  The  motion  of  the 
machine  is  thus  stopped  instantly,  until  the  obstruction  has  been 
removed  by  the  attendant,  when  the  catch  W  is  released  by  a  balance 
weight  and  the  working  is  resumed  as  before. 

The  distributing  machine  requires  only  the  attention  of  a  boy,  and 
<ii«tribate8  8000  letters  per  hour. 

The  nicks  in  the  types  required  for  the  distributing  machine  are 
cot  in  them  by  means  of  a  plane  with  three  cutter  heads,  admitting  of 
•11  the  nicks  being  cut  at  once.     The  adjustments  ifor  giving  the  nicks 
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their  proper  poeitions  are  simple  and  easy,  and  either  new  or  old 
types  are  nicked,  usually  at  a  cost  of  one  penny  per  lb. 

The  number  of  characters  provided  for  in  the  composing  and 
distributing  machines  now  described  is  limited  to  about  forty.  This 
seems  at  first  a  serious  defect,  inasmuch  as  the  number  of  characters 
required  even  for  plain  work,  counting  roman  capitals,  small  capitals, 
italics,  and  numerals,  amounts  to  about  two  hundred.  The  small  number 
of  forty  was  adopted  however  from  calculation  and  not  from  necessity ; 
for  the  distributing  machine  is  susceptible  of  considerable  extension, 
and  the  composing  machine  of  any  desirable  extension.  But  in  any 
work  otherwise  adapted  to  the  machines,  the  160  excluded  sorts  really 
amount  to  only  from  2  to  5  per  cent,  of  the  entire  matter ;  and  in 
consideration  of  the  necessarily  complicated  character  of  the  mechanism, 
and  the  moderate  saving  to  be  hoped  for  at  the  best,  it  was  thought 
better  to  dispense  with  an  extension  which  would  double  the  cost  of 
the  machines  while  adding  but  5  per  cent,  at  most  to  their  efficiency. 
The  extra  sorts  are  therefore  placed  in  a  case  in  the  composing 
machine,  and  are  dropped  by  hand  into  a  shoot  as  they  occur,  passing 
along  on  the  endless  bands  with  the  other  types  to  the  setting-up 
wheel :  while  in  the  distributing  machine  these  extra  sorts,  having  no 
suspending  nicks  in  them,  drop  off  the  distributing  wheel  at  the 
commencement  into  a  separate  receptacle,  and  are  then  distributed 
by  hand.  The  composing  machine  is  usually  constructed  to  work  three 
different  sizes  of  type  without  adjustment ;  and  the  distributing 
machine  is  capable  of  adjustment,  with  a  change  of  the  distributing 
wheel  for  each  size  of  type. 

The  economic  bearing  of  these  composing  and  distributing  machines, 
and  the  results  actually  obtained  in  work  done  where  they  have  already 
come  into  use,  remain  now  to  be  considered.  Of  the  numerous 
inventions  for  the  same  purpose  that  have  been  brought  forwards  at 
intervals  within  the  last  twenty  years,  some  were  the  subject  of 
much  attention ;  and  several  were  for  a  time  at  work,  more  or  less 
experimentally,  but  afterwards  fell  into  disuse.  And  in  the  case 
of  the  machines  now  exhibited,  their  progress  during  the  nine  years 
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they  liaye  been  in  existence  mast  be  regarded  as  extremely  slow. 

It  might  have  been  expected,  from  the  nndoubted  advantage  possessed 

by  finger  kejs  oyer  the  hand  picking-up  process,  that  a  saving  wonld 

be  effected  large  enough  at  once  to  overbear  all  objection,  and  lead  to 

the  speedy  and  general  introduction  of  the  machines.     But  this  is  not 

thecase.    The  saving  has  never  exceeded  50  per  cent.,  diminishing 

under  less  iavonrable  circumstances  to  little  or  nothing;   while  the 

difficulty  of  adapting  the  new  method  of  composition  to  the  present 

conditions  of  printing  has  been  very  great.      That  the  saving  Mh 

short  of  what  might  be  anticipated  is  owing  to  the  circumstance  that 

the  work  of  the  compositor  consists  as  already  stated  of  several  distinct 

operations,  some  of  ihem  susceptible  of  mechanical  aid,  but  others 

either  not  susceptible  or  hitherto  unattempted.      What  makes  the 

difficulty  greater  is  that  it  is  not  easy  to  separate  one  operation  from 

another.     For  instance  it  is  inconvenient  to  charge  one  compositor 

with  the  justification  or  correction  of  work  composed  by  another : 

consequently  it  is  impossible  to  introduce  that  division  of  labour 

indispensable  for  obtaining  the    fall    benefit  of   machinery.      The 

oomposiior  has  thus  to  pass  from  an  operation  in  which  he  is  assisted 

by  medbanism  to  others  which  are  purely  manual ;   and  one  result  of 

this  shifting  about  is  that  the  machine  stands  idle  about  one  fourth  of 

each  day.    A  still  more  serious  result  is  the  waste  of  time  inevitable 

wherever  there  is  frequent  changing  from  one  process  to  another. 

The  mere  setting  of  the  types  in  line,  in  which  alone  a  saving  is 

effected,  amounts  as  has  been  stated  to  about  55  per  cent,  of  the 

whole  work ;  but  even  this  includes  the  operation  of  reading  the  copy, 

which  cannot  be   accelerated   by  machinery:     so    that   the    actual 

fingering  of  the  keys  is  reduced  to  about  50  per  cent,  of  the  gross 

work.    Supposing  therefore  that  the  compositor  is  enabled  by  the  keys 

to  Bet  up  seven  letters  for  one  that  he  could  set  up  by  hand,  there 

Tesnlts  only  a  saving  of  about  43  per  cent,  on  the  whole  process. 

Another  difificulty  arises  from  the  extremely  irregular  and 
fluctuating  supply  of  work  of  any  given  character  in  printing 
establishments.  Unlike  other  extensive  trades  there  is  in  this  bat 
little  classification.  Every  printing  office  undertakes  every  description 
<>f  work,  from  a  card  to  a  book.     But  composing  machines  are  not 
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suited  for  doing  cards,  nor  for  what  is  called  *' displayed  work  ", 
nor  in  fact  for  anything  but  tolerably  plain  straightforward  work ; 
so  that  frequent  variations  in  the  character  of  the  supply  are  for 
machines  yery  inconvenient.  If  these  machines  could,  like  the 
power  loom,  be  kept  regularly  supplied  with  suitable  work,  their 
success  would  be  assured  notwithstanding  all  drawbacks.  A  printer 
possessing  sufficient  capital,  making  mechanical  composition  the 
basis  of  his  operations,  and  accepting  only  such  other  work  as  mig^ht 
be  a  necessary  accompaniment  of  that,  would  undoubtedly  in  the  fii^t 
instance  encounter  difficulty  in  drawing  business  out  of  its  accustomed 
channels,  but  would  in  the  end  be  enabled  to  underbid  competitors 
adhering  to  the  old  method.  So  long  however  as  the  present  system 
prevails  of  doing  all  descriptions  of  work  in  one  establishment,  hand 
labour  from' its  versatility  certainly  possesses  an  advantage  as  compared 
with  any  machinery. 

As  to  what  has  been  effected  hitherto  in  actual  work,  it  is  sufficient 
to  say  that  a  pair  of  these  machines  introduced  into  an.  establishment 
in  New  York  ahout  nine  years  ago  are  still  in  use,  together  with 
several  others  afterwards  purchased.  Five  years  after  their  introduction, 
the  proprietor  of  that  establishment  made  the  following  comparative 
statement  regarding  one  work,  a  Bible,  set  in  english  size  type,  which 
he  had  just  completed.  The  1086  pages  of  the  work  were  composed 
on  two  composing  machines,  and  the  distribution  was  done  on  two 
distributing  machines.  The  entire  work  measured  6  J  millions  of 
letters,  and  was  set  up  in  sixty  days  with  1000  lbs.  of  type  by  three 
apprentices  and  one  journeyman,  and  the  distribution  was  done  by  two 
boys.    The  cost  was  as  follows  : — 

£. 
769  pages  set  up  by  three  apprentices  at  two  thirds  price,  about    .    38 

817        „  „        one  journeyman 24 

Two  boys  for  distribution,  and  one  for  other  purposes    .        .        .     13 

Total  je75 

The  same  work  done  by  hand  composition,  but  without  regard  to 

time,  would  cost : — 

£. 

769  pages  set  up  by  three  apprentices  at  two  thirds  price,  about    .    8G 
317        „  „        one  journeyman 63 

Total  £139 
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The  cost  of  the  machine  work  was  thus  only  54  per  cent,  of  hand 
setting :  but  to  do  the  same  work  by  hand  composition  in  the  same 
time  of  only  sixty  days  would  require  at  least  ten  journeymen  and 
2000  lbs.  of  type. 

About  two  years  ago^a  pair  of  these  machines  was  placed  on  trial 
in  the  printing  office  of  Messrs.  Bpottiswoode  and  Co.,  London,  and 
the  result  of  a  month's  performance  was  500  hours  of  small  pica 
reprint  produced  in  196  working  hours.  On  this  occasion  the  work 
was  done  by  a  compositor  from  the  New  York  office.  Three  machines 
were  thereupon  adopted  by  this  firm,  and  several  others  by  printers  in 
London,  Bungay,  Glasgow,  and  Oxford.  Although  it  cannot  be 
pretended  that  in  any  of  these  establishments  a  result  so  favourable  as 
the  above  has  as  yet  been  attained,  still  careful  calculations  show  a 
margin  of  profit,  small  indeed  at  present,  but  increasing,  and  reasonably 
expected  to  go  on  increasing  as  the  operators  acquire  skill  and 
difficulties  and  opposition  of  many  kinds  are  smoothed  away.  Moreover 
a  collateral  advantage  appears  in  a  diminution  in  the  wear  and  tear  of 
the  type,  and  a  diminution  in  the  quantity  of  type  required  to  produce 
a  given  amount  of  work. 

The  whole  advantage  of  the  machines  may  therefore  be  summed  up 
as  follows.  First,  a  saving  of  about  43  per  cent,  in  the  labour  of 
composition,  under  favourable  though  not  exceptional  circumstances. 
8econdly,  a  diminution  of  about  20  per  cent,  in  the  wear  of  type. 
Thirdly,  a  diminution  of  about  30  per  cent,  in  the  quantity  of  type 
required  for  a  given  amount  of  work. 

In  conclusion  it  deserves  to  be  mentioned  that,  although  their 
progress  has  been  very  slow,  in  no  case  have  these  machines  when 
once  introduced  afterwards  fallen  into  disuse.  It  seems  probable  that 
ground  so  slowly  won  will  not  be  lost,  and  that  a  portion  at  least  of 
the  great  work  of  composition  will  hereafter  be  accomplished  with  the 
aid  of  machinery. 
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Mr.  MiTCHEL  exhibited  the  composing  and  distributing  machines 
and  showed  their  action,  and  also  the  planing  tool  for  nicking  the  type 
for  the  distributing  machine. 

Mr.  J.  Jaffbay  was  greatly  interested  in  the  subject  of  the  paper 
just  read,  which  he  thought  had  been  trea,^d  with  great  fairness, 
showing  clearly  the  real  difficulties  that  had  to  be  encountered  in 
applying  machinery  to  the  composition  and  distribution  of  type. 
There  would  be  a  very  large  field  for  the  use  of  machinery  for  the 
purpose,  if  it  could  be  adapted  for  the  work  of  newspaper  offices, 
where  rapidity  and  economy  in  composing  were  of  so  much  importance ; 
but  the  usefulness  of  the  machines  in  this  case  would  be  very  mach 
determined  by  the  size  of  type  that  could  be  composed  and  distribated 
by  them,  and  he  enquired  what  was  the  smallest  size  of  type  on 
which  they  had  been  employed. 

Mr.  MiTOHEL  replied  that  the  composing  machine  was  not 
limited  as  to  the  size  of  type  that  it  was  capable  of  setting  np ; 
the  smallest  size  of  type  that  it  had  actually  composed  at  present 
was  nonpareil,  and  it  had  composed  every  size  from  nonpareil  up  to 
great  primer. 

Mr.  J.  Jaffrat  observed  that  in  the  distributing  machine,  where 
the  distribution  was  effected  by  means  of  nicks  cut  in  the  body  of  the 
type,  the  size  of  type  that  could  be  distributed  would  be  limited  by  the 
strength  of  the  type  when  nicked,  which  he  thought  would  prevent  the 
distributing  machine  from  being  employed  for  the  smaller  sizes  of  type. 
Even  the  present  single  shallow  nick  that  was  ordinarily  made  in  the 
edge  of  the  type  rendered  the  hard  metal  types  now  used  very  liable  to 
break  at  the  part  nicked,  especially  in  using  the  American  Hoe  printing 
machines,  in  which  there  was  some  liability  of  injury  to  the  type  in 
levelling  it  down  upon  the  press :  and  in  proportion  to  the  smallness 
of  the  type  would  be  the  weakness  caused  by  the  nick.  For  newspaper 
work  therefore  he  feared  the  composing  and  distributing  machines 
could  not  be  introduced  with  advantage,  first  on  account  of  the  great 
number  of  different  sorts  of  type  that  occurred  in  that  class  of  work, 
such  as  italics,  figures,  short  lines,  and  capitals,  &c. ;  and  secondly 
because  at  the  present  time  a  very  large  quantity  of  type  had  to  be 
used  of  sizes  smaller  than  nonpareil,   such   as  ruby,  to  which   the 
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distribating  machine  could  not  be  adapted  on  account  of  the  nicks 
wetkening  the  body  of  the  type  so  much. 

Mr.  MiTCHBL  explained  that  it  was  not  proposed  to  use  the 
machines  for  displayed  work,  such  as  adyertisements,  where  different 
sorts  of  type  were  u8e<Lin  the  same  piece  of  work ;  hut  simply  for 
plain  straightforward  work,  such  as  ordinary  book  work,  not 
dictionaries  or  time  tables.  The  machines  were  also  suitable  for  the 
editorial  and  news  departments  of  newspapers ;  but  they  had  not  at 
present  been  tried  on  newspapers  at  all. 

Mr.  G.  W.  SiBMEHs  observed  that  both  the  machines  exhibited 
inrolved  a  great  many  nice  mechanical  operations  and  displayed  a 
great  deal  of  ingenuity.  The  mode  of  distributing  the  type  by 
classifying  the  different  letters  by  means  of  notches  was  a  highly 
iogenions  arrangement ;  as  also  the  method  of  conveying  the  types  in 
the  composing  machine  by  means  of  the  two  sets  of  bands  running  at 
proportionately  different  speeds,  whereby  the  types  were  set  up  in  the 
same  order  in  which  they  were  played  out  by  the  finger  keys.  In  the 
cue  however  of  two  keys  being  accidentally  pressed  down  at  the  same 
mstant,  two  types  would  arrive  together  at  the  composing  wheel  and 
one  of  them  would  be  thrown  out,  causing  a  fault  in  the  setting  up ; 
bat  this  he  suggested  might  be  easily  prevented  by  fixing  a  ti^  band 
extending  under  all  the  keys,  about  J  inch  longer  than  the  actual 
length  of  the  keyboard,  so  as  to  have  only  sufficient  amount  of  slack 
to  allow  one  key  to  be  depressed  at  a  time.  That  was  the  plan 
adopted  in  telegraph  instruments  worked  with  finger  keys,  to  prevent 
more  than  one  key  being  pressed  down  at  once ;  and  he  thought  some 
simple  contrivance  of  that  sort  could  be  advantageously  adopted  in  the 
composing  machine. 

Mr.  F.  J.  Bbamwell  enquired  what  became  of  the  exceptional 
types,  when  a  quantity  of  matter  was  placed  in  the  distributing 
machine  for  distribution,  since  it  appeared  the  machine  was  adapted 
for  distributing  only  40  different  letters,  whilst  there  were  in  all  about 
20O  different  sorts  in  the  ordinary  run  of  matter  that  would  have  to 
be  distributed. 

Mr.  Mitohel  explained  that  the  remaining  160  different  letters 
woold  be  deposited  by  the  distributing  machine  in  the  first  receptacle, 
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and  would  not  be  carried  round  by  the  distributing  wheel,  as  they  did 
not  contain  the  nicks  required  for  distribution  by  the  machine  ;  and 
they  would  then  be  readily  distributed  by  hand,  their  proportionate 
number  being  only  very  small. 

The  Chairman  enquired  how  many  of  th^machines  there  were  at 
present  in  use. 

Mr.  MiTGHEL  replied  that  taking  composing  and  distributing 
machines  together  there  were  in  New  York  fifteen  of  the  machines 
which  had  been  at  work  more  than  three  years;  and  in  three 
establishments  in  London  there  were  seven  machines,  in  Oxford  one, 
in  Bungay  three,  and  in  Glasgow  two. 

The  Chairman  enquired  whether  there  were  as  many  distributors 
as  composing  machines ;  and  he  asked  what  was  the  cost  of  the 
machines. 

Mr.  MiTCHEL  said  there  were  not  as  many  distributors  as  composing 
machines,  but  in  some  places  there  were  two  or  three  composing 
machines  to  only  one  distributor ;  and  the  composing  machines  might 
be  worked  alone  without  the  distributor,  the  distribution  being  then 
done  by  hand,  in  which  case  no  nicks  would  be  needed  in  the  type  for 
distribution.  The  cost  of  the  machines  was  about  £60  for  each 
machine. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Mitchel,  for  his 
paper  and  the  machines  exhibited,  which  was  passed. 


The  Meeting  then  terminated  ;  and  in  the  evening  a  number  of  the 
Members  dined  together  in  celebration  of  the  Sixteenth  Anniversary 
of  the  Institution. 


Digitized  by  VjOOQ  IC 


PROCEEDINGS. 


7  Mat,  1663. 


Thd  Gbhsral  MsBTiNa  of  the  Members  was  held  in  the  Lecture 
Theatre  of  the  Midland  Institute,  Birmingham,  on  Thursday, 
7th  Maj,  1868;  Sampsoh  Llotd,  Esq.,  in  the  Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chaiemak  had  much  pleasure  in  announcing  that  a  donation 
of  £50  had  been  receiyed  from  the  President,  marking  his  sense  of 
the  value  of  the  Institution  and  the  interest  he  felt  in  its  welfare  and 
adrancement.  He  regretted  that  the  President  was  prevented  by 
illness  from  being  present  to  take  the  chair  at  the  Meeting,  as  he 
hoped  to  have  done. 

The  thanks  of  the  Meeting  were  voted  to  the  President  for  his 
hindsome  donation. 

The  Chairmah  announced  that  the  Ballot  Lists  had  been  opened 
hj  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected : — 


MBMBEBS. 

Edward  Barlow, 
William  Btbbl  Browv,    . 
Gbobok  Crow, 
JoHH  Pitt  Kbiriedt, 
JoHv  Lanoastbr,  . 
Saiiubl  Lees,  Juk., 
Matthew  Hill  Loam,  . 


Boston. 

Glasgow. 

Newcastle-on-Tyne. 

London. 

Wigan. 

Ashton-under-  Lyne. 

Nottingham. 
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William  Rtdkr,  Bolton. 

Wallaob  Coghranb  SoMBRYiLLEy  .  Westbromwich. 

John  Henbt  Storey,         .         .  Manchester. 

John  Wakefield,  .  .  Dablin. 

Joseph  Whitley,     .         .         .  Birmingham. 

Tom  Whittaker,  ....  Nottingham. 


The  following  paper  was  then  read: — 
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ON  THE  CONSTRUCTION  OP  DRAWING  ROLLERS 
FOR  SPINNING  MACHINERY. 


Bt  Mb.  WHiUAM  WBILD,  op  Mahchbsteb. 


The  process  of  laying  fibres  of  cotton ,  wool,  and  flax  in  parallel  and 
oontinnoas  juxtaposition,  for  the  purpose  of  Being  span  into  threads 
for  Tarions  manufactures,  was  performed  until  little  more  than  a 
oentoTj  ago  by  the  workman's  fingers,  assisted  sometimes  by  a 
preliminary  operation  of  carding,  which  formed  the  short  fibres  into  a 
soft  fleecy  roll  of  about  |  inch  diameter  and  lO^r  12  inches  length 
according  to  the  size  of  the  card  used.  The  spinning  was  done  by  the 
distaff,  a  wooden  rod,  round  the  top  of  which  a  bundle  or  fleece  of  the 
fibre  intended  to  be  spun  was  loosely  wrapped.  The  spinner  holds  the 
distaff  in  the  left  hand,  and  the  right  hand  is  held  about  two  inches 
below  it,  more  or  less  according  to  the  length  of  the  fibre.  A 
continuous  lock  of  fibres  is  drawn  out  from  the  fleece  on  the  distaff  by 
the  right  hand,  and  the  length  between  the  two  hands  is  twisted  into 
a  fine  thread  by  the  hanging  spindle  or  bobbin,  which  is  kept  constantly 
rerolTing  by  the  impulse  of  the  fingers.  The  thread  spun  is  wound  up 
at  intenrals  on  the  spindle  by  stopping  the  operation  of  twisting,  and 
winding  on  to  the  spindle  the  length  of  thread  already  twisted :  and 
to  prevent  the  spun  thread  unwinding  from  the  spindle  whilst  the  next 
lengtii  is  being  twisted,  it  is  hooked  through  a  nick  at  the  end  of  the 
spindle. 

In  1738  Mr.  Wyatt  of  Lichfield  invented  a  machine  for  spinning 
cotton,  by  which  fot  the  first  time  a  continuous  thread  was  spun 
withoat  the  intervention  of  the  fingers ;  and  two  factories  were  built 
and  famished  with  his  machines,  one  at  Birmingham  and  the  other  at 
Northampton.  The  cotton  was  first  carded  by  hand  and  then  passed 
between  two  cylinders  which  delivered  the  thread  on  to  the  bobbin 
while  in  the  act  of  twisting.     Both  these  undertakings  failed ;  the 
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machines  have  long  since  perished  and  no  model  or  detailed  description 
of  them  remains.  About  five  years  later  Louis  Paul  of  Birmingham 
alopg  yith  Mr.  Ty'yatt.  proposed  to  opii^  wool,  aod  cotton,  hj  a 
succession  of  rollers,  cylinders  or  cones,  each  moving  proportionately 
faster  than  the  preceding,  to  draw  down  the  thread  or  sliver  to  any 
degree  of  fineness  that  might  be  required.  The  writer  believes  he 
never  used  such  an  arrangeinent,  but  si^i^ply  a  series  of  pairs  of 
delivery  rollers  set  in  a  circular  form  but  without  any  drawing  process. 
In  1742  a  mill  was  erected  in  Birmingham  where  some  of  PanPs 
machines  were  set  to  work,  driven  by.  tw:o  asses  working  in  a  gin.  He 
experimented  for  twenty  years  along  with  Mr.  Wyatt,  but  nothing  oC 
any  commercial  importance  ever  resulted  from  their  labours. 

About  1765  two  persons  named  Highs  and  E^y  experimented, 
upon  rollers  for  drawing  the  fibres  into  a  continuous  threi^d.  There 
is  no  doubt  but  th^t  Arkwright  got  some  very  valuable  hints  from, 
them  to  enable  him  to  develop  the  factory  system.  Whether 
Arkwright  invented  the  drawing  rollers  or  not,  it  was  left  for  him  to. 
solve  the  problem  how  to  construct  a  spinning  machine  with  rollers 
arranged  so  that  the  first  pair  should  draw  and  suj^ly  oontinuouslj  a 
uniform  sliver  of  parallel  fibres  in  small  portions,  while  a,  second  pair 
should  take  hold  of  this  and  gradnally  draw  out  the  filaments  alongside 
of  one  another,  and  a  third  pair  should  draw  the  filaments  out  still 
further  to  the  proper  extent  for  being  twisted  into  thread.  The 
twisting  he  performed  with  a  spindle  and  a  fly,  and  the  machine  also 
wound  up  the  thread  on  to  a  bobbin  as  fast  as  it.  Tfas  spun.  The 
^ter  believes  that  Arkwright  was  the  first  to  make  a  practical 
machine  combining  all  these  processes,  though  the  question  of  the 
original. invention  of  the  drawing  rollers  is  involved  in  doubt. 

For  the  purpose  of  **  ginning"  the  cotton,  or  separating  the  cotton 
fibres  from  the  seed,  the  <'  roller  gins  *'  as  they  are  called  are  of  the 
most  primitive,  construction,  simply  and  ingeniously  made,  and  are  of 
Indian  origin.  Fig.  1,  Plate  13,  shows  a  section  of  a  roller  gin  of 
modem  constrpction,  drawn  half  full  size.  It  is  formed  of  two  small 
rollers  about  |  inch  diameter  and  from  6  to  9  inches  long«  made  to 
revolve, iA  opposite,  directions,  a^  shovn  by  the  i^rrows,  by  meiuif  of 
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tooilied  whedfl,  Tlxe  bottom  roller  turns  on.  fixed,  bearings,  and  tbe 
iqiper  Boller  is  kept  in  close  contact  with  it  by  means  of  a  lever  and  screw, 
Tke  cotton  seeds  are  fed  forwards  between  tbe  rollers  from  tbe  table  in 
front,  a  space  being  left  between  the  edge  of  the  table  and  the  bottom 
roller  to  allow  the  seeds  to  drop  down  as  they  become  cleaned  of  the 
eotton  fibres  by  the  revolving  action  of  tbe  rollers.  A  brush  is  fixed 
nailemeatb  the  bottom  roller  to  brush  off  any  cotton  fibres  adhering 
to  its  surface.  It  is  necessary  that  gins  acting  in  this  way  should 
have  rollers  of  small  diameter,  say  from  |  to  |  inch,  because  the, 
smaller  the  roUers^  the  more  obtuse  is  the  angle  they  present  to  the 
seed  which  is  being  cleaned,  and  the  seeds  are  thereby  better  prev^ited 
from  being  drawn  in  between  the  rollers  and  crushed  and  mixed  up 
iQth  the  cotton  fibre.  It  is  evident  in  referring  to  Fig.  2  that  large 
toilers  present  an  acuter  angle  to  the  seed,  and  witii  such  rollers  the 
seeds  would  unavoidably  be  drawn  in  and  crushed  and  mixed  with  the 
fibre.  The  great  object  to  be  attained  in  ginning  cotton  is  to  get  it 
free  from  all  impurities  ;  and  it  is  found  that  the  smaller  the  rollers 
sad  the  slower  their  motion,  the  cleaner  is  the  cotton  fibre  separated 
from  the  seeds  :  for  if  the  rollers  are  above  an  inch  in  diameter  and  if 
they  revolve  very  rapidly,  they  draw  in  soft,  small,  and.  false  seeds, 
emshing  them  in  their  passage,  and  straining  and  otherwise  injuring, 
the  cotton  fibre. 

The  most  improved  gin  of  the  roller  class  is  shown  in  Fig.  3, 
Plate  13,  drawn  half  full  size,  and  is  constructed  with  one  large  roller 
eorered  with  leather  and  having  small  spiral  grooves  formed  round  it 
both  right  and  left.  A  guard  plate  A  is  fixed  near  the  surface  of  the 
Toiler,  having  a  grating  along  its  bottom  edge  just  wide  enough  for  the 
Keds  to  pass  through  to  the  roller ;  and  between  it  and  the  roller  a 
thin  steel  striker  blade  B  vibrates  a  short  distance  up  and  down 
with  a  rapid  motion.  By  this  means  the  seeds  are  shaken  and  turned 
rooad  in  contact  with  the  surface  of  the  roller  revolving  in.  the 
direction  of  the  arrow,  and  the  cotton  fibres  are  drawn  between  the 
bkde  B  and  the  roller,  while  the  stripped  seeds  are  rejected  and  drop 
down  through  the  space  between  the  blade  B  and  the  edge  of  the  feed 
tsble,  baring  been  thus  cleaned,  of  their,  fibres,  in  a.  most,  thorough 
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In  1793  Mr.  Whitney  of  America  invented  a  machine  known  bj 
the  name  of  "  Whitney's  Baw  gin,"  which  is  shown  in  Fig.  4, 
Plate  13.  It  consists  of  a  wooden  cylinder  with  a  series  of  circalar 
saws  C,  ahont  8  inches  diameter,  fixed  npon  it  at  regnlar  distances. 
The  edges  of  the  saws  project  a  short  distance  through  a  grid,  the 
divisions  of  which  are  too  narrow  to  permit  the'  seeds  to  pass 
through.  Care  is  taken  that  the  saws  revolve  in  the  middle  of  the 
grid  spaces,  for  if  they  mbbed  against  the  bars  they  would  tear  the 
cotton  filaments  to  pieces.  A  cylinder  with  brushes  D,  the  tips  of 
which  touch  the  saw  teeth,  sweeps  off  the  adhering  cotton  wool  from 
the  teeth  of  the  saws  by  revolving  in  the  opposite  direction  to  the 
saw  roller.  The  cotton  seed  as  picked  from  the  pods  is  thrown  into 
the  hopper  E,  and  the  saws  in  turning  round  snatch  the  filaments 
from  the  seed  which  remains  against  the  grid,  and  drag  them  inwards 
and  upwards.  The  stripped  seeds  being  too  large  to  pass  through 
the  grid  accumulate  at  the  bottom  of  the  hopper  E  and  are  let  out  at 
intervals. 

The  cotton  after  a  further  process  of  cleansing  and  carding  is  then 
ready  to  be  operated  upon  by  the  drawing  frame,  shown  in  Fig.  5, 
Plate  14.  Five  or  six  cans  F  placed  side  by  side  contain  each  one 
sliver  of  cotton  as  delivered  by  the  carding  engine,  and  the  several 
slivers  are  drawn  together  and  combined  into  one  by  passing  through 
the  drawing  rollers  G,  from  which  the  combined  sliver  is  conducted 
by  the  funnel  and  rollers  H  into  the  can  I  in  front  of  the  drawing 
frame.  This  process  is  repeated  by  combining  five  or  six  of  the  new 
slivers  into  another  compound  sliver  by  passing  them  a  second  time 
through  drawing  rollers ;  and  for  the  manufacture  of  the  finer 
descriptions  of  yams  this  drawing  process  is  repeated  as  many  as 
half  a  dozen  times. 

In  the  construction  of  the  drawing  rollers  O,  Fig.  5,  Plate  14, 
the  lower  roller,  which  is  the  only  one  driven,  is  of  iron  and  fluted 
on  the  surface ;  the  top  roller,  which  has  a  soft  yielding  surface,  is 
driven  only  by  friction  from  the  lower  roller,  npon  which  it  is  pressed 
by  a  weight  J  suspended  from  a  bearing  in  the  centre  of  each  roller, 
as  shown  half  full  size  in  Fig.  6.     The  pair  of  rollers  are  shown  fn 
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devation,  half  full  size,  in  Fig.  7,  Plate  15,  K  being  the  centre 
bearing  from  which  the  weight  is  suspended  ;  and  the  ends  of  the  top 
roller  are  plain  pivots  LL  working  between  vertical  guides  over  the 
centre  of  the  bottom  roller,  and  free  to  move  vertically,  as  seen  in  ^e 
transverse  section,  Fig.  6. 

In  the  first  introduction  of  the  new  system  of  drawing  cotton  by 
rollers  a  great  difficulty  to  be  overcome  consisted  in  the  cotton  lapping 
round  the  rollers  during  the  drawing  instead  of  being  delivered  clear 
of  diem ;  and  there  was  also  the  difficulty  of  finding  a  material  for 
the  top  rollers  that  should  have  an  elastic  surface  and  yet  be  durable 
and  perfect  in  its  action,  imitating  the  delicacy  of  touch  of  the  human 
fingers  in  the  original  distaff  spinning,  by  giving  constantly  the  exact 
amount  of  pressure  required  for  drawing  the  fibre  uniformly,  so  as 
not  to  over  stretch  the  thread  and  thereby  vary  the  thickness  of  any 
portion.  Top  and  bottom  cleaners  M,  Fig.  6,  Plate  14,  consisting  of 
a  robber  of  flannel  fixed  on  a  board  lying  upon  the  top  roller  and  held 
np  under  the  bottom  roller  by  a  weight,  were  applied  to  prevent  the 
ootton  from  lapping  round  the  rollers  ;  and  previously  it  had  been  the 
practice  for  the  attendant  to  rub  the  roller  occasionally  with  chalk, 
which  was  the  plan  adopted  by  Arkwright  and  continued  long  after 
his  time.  The  application  of  top  and  bottom  cleaners  has  to  a  great 
extent  removed  that  evil. 

The  construction  of  the  rollers  is  a  point  of  great  importance, 
upon  which  the  success  or  failure  of  the  drawing  process  really 
depends.  The  ordinary  top  rollers  are  those  made  with  an  iron 
centre,  painted  with  white  lead  and  covered  with  thick  felted  flannel 
made  for  the  purpose,  over  which  is  placed  a  cover  of  specially 
prepared  leather.  The  importance  of  good  top  rollers  in  spinning 
Cttuiot  be  over  estimated  ;  but  as  hitherto  constructed  in  the  manner 
just  described  they  have  several  radical  defects,  which  make  it 
impossible  to  spin  or  draw  cotton  of  uniform  thickness  or  '<  counts.** 
The  top  rollers  are  made  in  pairs  with  two  roller  surfaces  or  <<  bosses** 
u  they  are  termed  upon  one  spindle,  and  as  ordinarily  constructed 
these  two  bosses  are  solid  upon  the  spindle.  Practically  it  is 
unpossible  to  get  the  two  bosses  of  exactly  the  same  diameter  when 
doUied,  owing  to  the  varying  thickness  of  the  leather.     Then  if  one 
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of  them  be  l-16tli  vnsk  ItLtger  in  diameter  thA&  the  bther  when 
ooreredy  the  reenlt  wOl  be  a  contentioti  for  speed  between  tiie  two 
bcMises ;  for  by  the  time  one  hae  made  20  reTx>lfitioni  the  other  wante 
-to  have  gone  21.  This  causes  slipping  and  abrasion  of  the  surftee  of 
the  leather,  which  causes  the  cotton  to  lap  round  the  roller,  and 
wastes  the  fibre  of  the  cotton  drawn,  besides  destroying  the  leather ; 
and  the  roller  also  giresout  irregular  lengths  of  yam  or  sliver. 
Again  the  ordinary  roller  requires  oiling  many  times  a  di^,  owin^  to 
the  bearings  being  all  external  and  soon  getting  dry  from  the  flakes 
or  particles  of  cotton  collecting  about  them  and  soon  absorbing  the 
oil ;  and  in  proportion  as  the  bearings  get  dry  the  top  roller  drags 
and  loses  its  speed,  and  the  yam  or  slirer  becomes  thicker.  Wken 
oil  is  applied  the  roller  goes  freely  for  a  time,  giring  out  a  greater 
length  of  sliver.  By  this  frequent  necessity  for  oiling  not  only  is  a 
great  waste  of  oil  occasioned,  but  the  oil  saturates  and  helps  to 
destroy  the  cloth  and  leather  covering  of  the  roller,  producing  extra 
sticking  and  waste  of  the  cotton. 

Figs.  7  and  8,  Plate  15,  show  half  foil  size  the  tnost  improved 
constraction  of  these  top  rollers,  the  invention  of  Mr.  Evan  Leigh  of 
Manchester.  N  N  are  the  two  bosses  of  the  top  roller,  which  are 
both  loose  upon  the  spindle,  and  G  O  is  the  corresponding  bottom 
roller.  The  bosses  of  the  top  roller  in  this  case  revolve  entirely  upon 
the  spindle,  and  the  spindle  remains  stationaiy,  instead  of  revolving 
within  the  hook  that  carries  the  weight  and  between  the  end  guides 
as  in  the  old  plan.  A  section  of  one  of  the  bosses  of  the  top  roller  is 
shown  in  Fig.  7,  showing  the  conical  form  of  the  end  journals  L  L  of 
the  spindle,  which  in  conjunction  with  the  coned  holes  at  the  ends  of 
the  rollers  gives  a  capillary  action  always  drawing  the  oil  from  the 
end  bearings  L  inwards  into  the  parallel  portion  of  the  spindle  inside 
the  roller.  The  inner  ends  O  of  the  spindle  are  coned  down  in  a 
similar  manner,  and  the  oil  is  thus  prevented  from  escaping  from 
either  end  of  the  rollers.  The  body  of  the  rollers  K  N  is  of  cast  iron, 
bored  out  with  great  accuracy  and  care,  and  is  covered  first  with 
fiannel  and  then  with  leather.  The  spindles  are  also  of  cast  iron,  and 
the  weight  for  giving  pressure  to  the  top  rollers  is  suspended  from 
the  centre  K  between  the  two  bosses.     Each  boss  N  can  now  run  at 
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its  own  speed  independent  of  the  other,  and  thereby  each  deliyers  out 
(xvieetly  its  proper  length  of  sliver.  The  leather  keeps  smooth,  and 
sares  waste  of  cotton  ;  and  the  bearings  being  internal  and  coxQpletely 
ooTered,  the  roller  does  not  require  oiling  for  weeks.  These  top 
rollers  save  the  couplings  of  the  lower  rollers  by  taking  less  power  to 
drive  them,  and  avoiding  the  retarding  action  like  that  of  a  break, 
whi<^  was  produced  by  the  upper  roller  slipping  over  the  fluted 
snrface  of  the  lower  roller  to  the  extent  of  the  variation  in  diameter 
of  the  bosses  on  the  upper  roller.  The  spindle  being  made  of  cast 
iron  as  well  as  the  roller,  the  tendency  to  wear  is  reduced  to  a 
minimum ;  for  when  two  surfaces  of  cast  iron  have  worked  together 
a  8h<»i  time,  the  oil  becomes  absorbed  in  the  pores  of  the  metal, 
which  attains  a  high  polish,  runs  light,  and  becomes  as  hard  and 
indestructible  as  glass.  These  top  rollers  run  from  one  to  six  months 
without  lubrication,  according  to  the  quality  of  oil  used. 

Another  difficulty  that  spinners  have  had  to  contend  with  is  the 
fluting  or  cutting  up  of  the  leather  surface  of  the  top  roller  by  the 
action  of  the  flutes  in  the  bottom  roller.  When  this  occurs  the  fibres 
of  the  cotton  get  crimped  and  cut  or  broken  in  the  act  of  being  drawn, 
by  passing  between  the  two  corrugated  surfaces,  and  a  greater  length 
of  thread  is  delivered  than  when  the  top  roller  is  kept  perfectly 
smooth :  but  the  spinning  of  good  yams  depends  upon  the  regularity 
of  all  the  threads  as  to  quantity  of  fibre  and  length  delivered.  The 
bottom  rollers. were  formerly  fluted  by  longitudinal  grooves  cut  with 
a  tool  at  equal  pitch  all  round  the  roller,  and  the  impression  left 
npon  the  top  roller  was  consequently  of  uniform  pitch,  and  continued 
de^ening  by  the  pressure  of  the  corrugations  always  coming  upon  the 
same  parts. 

About  twenty-five  years  ago  a  simple  method  of  fluting  the  bottom 
roflers  irregularly  was  introduced  with  a  view  to  remove  or  correct  the 
fiating  of  the  leather  rollers  ;  this  plan  i?  illustrated  in  Figs.  9  and 
10,  Plate  15.  The  ordinary  roller  fluting  machine  may  be  said  to  be 
an  ordinaiy  planing  machine  with  the  addition  of  a  ratchet  motion  to 
torn  the  roller  from  one  flute  to  the  next  after  each  cut.  The  method 
of  fluting  the  rollers  with  irregular  flutes  was  as  follows.    A  disc  P 
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was  keyed  upon  the  end  of  the  roller  G,  on  which  a  r&tohet  plaie  R 
was  placed  eccentric  to  the  centre  S  of  the  roller  and  disc  P.  Hie 
click  T  of  the  ratchet  mOTed  ihe  ratchet  one  tooth  round  after  eyetj 
cut  of  the  tool  Uy  and  thus  the  Antes  nearest  to  the  centre  of  the 
eccentric  ratchet  R  were  closer  together  than  those  farther  removed 
from  that  centre,  and  therefore  the  more  eccentric  the  ratchet  the 
greater  was  the  disproportion  of  the  distances  between  the  flutee. 
This  is  illustrated  by  the  two  segments  shown  by  Hie  dotted  lines  in 
Fig.  9,  which  at  their  outer  extremities  are  the  same  width,  namely  the 
breadth  of  one  tooth  of  the  ratchet  R ;  but  where  they  intersect  the 
circumference  of  the  roller  at  V  and  X,  the  distance  of  Y  from  the 
centre  of  the  ratchet  being  double  that  of  X,  the  breadth  of  the 
segment  at  that  point  and  consequently  the  pitch  of  gtooye  cut  is 
also  doubled.  This  arrangement  to  a  certain  extent  obviated  the 
tooth  and  tooth  action  which  took  place  in  the  ordinary  regular  fated 
rollers,  the  irregular  pitch  of  the  flutes  in  the  new  method  causing 
their  impressions  upon  the  top  roller  to  vary  in  position  at  each 
revolution ;  but  it  was  not  effective  in  saving  the  t^  roller  unless 
there  were  considerable  difference  in  the  breadths  of  the  flutes,  which 
gave  rise  to  another  evil,  namely  irregular  drawing  of  the  cotton 
fibre  :  in  fact  in  this  plan  a  bad  drawing  roller  was  used  to  save  the 
top  roller. 

The  latest  improvement  in  the  fluting  of  spinning  rollers  was 
introduced  by  the  writer  about  three  years  ago  and  is  now  being 
extensively  adopted.  Up  to  that  time  all  rollers  for  drawing  cotton 
and  other  fibres  had  been  made  with  straight  flutes  parallel  to  the 
axis  of  the  roller.  The  improvement  now  made  in  the  fluting  consists 
in  formiug  the  flutes  spirally  on  the  rollers,  at  an  inclination  of  about 
1  in  12  to  the  axis  of  the  roller,  as  shown  in  Fig.  7,  Plate  15,  the 
grooving  being  done  in  the  ordinary  fluting  machine  with  the  simple 
addition  of  a  twisting  motion  for  the  roller  while  in  the  act  of  cutting, 
similar  to  a  rifling  action  in  gun  manufacture.  By  this  means  the 
upper  roller  rests  upon  several  flutes  at  once,  their  number  depending 
upon  the  length  of  each  roUer  and  the  length  of  twist  of  the  spiral 
flutes,  instead  of  resting  upon  one  straight  flute  as  in  the  ordinary 
roller.     In  the  ordinary  roller,  the  flutes  beiug  parallel  to  the  axis, 
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tbe  upper  roller  mast  make  a  slight  ascent  and  descent  in  passing 
over  the  top  and  grooye  of  each  flute  ;  while  with  the  spiral  flutes  the 
top  roQer  is  nnifonnlj  supported  and  will  not  have  the  least  rise  and 
iaU.  A  farther  improyement  is  made  hy  inclining  the  flutes  of  one 
Mer  in  the  reyerse  direction  to  those  of  the  next,  as  shown  in 
Fig.  7 ;  BO  that  by  turning  end  fot  end  the  top  rollers,  which  are  in 
short  lengibsy  any  tendency  of  the  leather  to  flute  may  be  correeted, . 
niee  the  flutee  formed  by  one  roller  would  be  wholly  or  partly  effaced 
bf  the  reyerse  spiral  of  the  flutes  in  the  other  roller. 

All  the  forms  of  rollers  that  are  grooyed  in  a  planing  machine 
haTe^a  defect  from  the  edges  of  the  grooyes  being  left  keen  with  a 
ili^t  burr  upon  them,  which  would  cause  the  cotton  fibre  to  adhere  to 
th»  surface  of  the  rollers.  To  preyent  this  a  careful  and  tedious  hand 
proeesB  has  to  be  gone  through  with  each  roller,  after  cutting  the 
iutes,  in  order  thoroughly  to  smooth  down  the  grooyes  by  longitudinal 
rdbbiiig  with  stone  and  emery ;  and  the  rollers  are  then  polished  by 
le^olfing  in  the  same  direction  in  which  they  are  intended  to  run  in 
working. 

A  yery  rapid  method  of  manufacturing  these  spiral  fluted  rollers  by 
BMiBs  of  a  milling  tool  has  been  introduced  by  the  writer,  in  which  the 
whole  process  is  oompleted  at  one  operation,  leaying  the  roller  finished 
ntdj  for  putting  to  work  without  any  intermediate  pieparation  being 
ve%oired.  The  machine  for  this  purpose  is  represented  in  the  front 
de?ation,  Fig.  IS,  Plate  16,  and  the  transyerse  sections,  Figs.  14 
and  15,  Plate  17 ;  and  Figs.  16  and  17,'Plate  18,  are  enlarged  yiews 
showing  the  details  of  the  milling  process,  drawn  half  full  size.  The 
roller  A  to  be  fluted  is  laid  on  friction  rollers  fi  B,  Figs.  16  and  17, 
sopported  by  adjustable  stands  upon  a  saddle  G  G  fixed  on  the  main 
bed  of  the  machine.  Figs.  13  and  14.  The  milling  tools  D  D,  shown 
fsQsiee  in  Figs.  11  and  12,  Plate  15,  are  steel  discs  about  2  inches 
diMieter,  and  g  inch  wide  on  the  edge  which  has  upon  it  a  counterpart 
of  the  flutes  to  be  impressed  upon  the  roller.  Each  milling  tool  is 
eiRied  by  a  oranked  leyer  £  working  on  a  centre  at  E,  Figs.  14  and 
li,  Plate  17,  and  acted  on  by  the  weight  F,  which  exerts  a  down- 
nrd  pressure  upon  the  milling  tool  of  about  1200  lbs*,  regulated  by 
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shiftiDg  the  weight  F  to  the  extent  required.  The  milling  tools  are 
thrown  ont  of  action  by  the  eccentric  shaft  G  being  tamed  half  round, 
which  depresses  the  tail  end  of  each  of  the  four  levers  E,  lifting  the 
weights  F,  and  raising  the  mills  D  from  off  the  roller,  as  shown  in 
Fig.  15,  Plate  17.  The  mills  are  first  placed  abont  |  inch  npon  the 
ends  of  each  roller  to  be  cnt,  as  shown  dotted  in  Fig.  16,  Plate  18  ; 
four  roller  bosses  all  on  one  solid  spindle  are  milled  at  one  and  the 
same  time.  The  roller  to  be  milled  is  turned  by  the  driving  pnlley  H, 
Fig.  13,  Plate  16,  throngh  a  nniversal  joint  I,  in  order  to  prevent 
any  strain  npon  the  roller  daring  the  process.  The  milling  tools 
with  their  levers  and  weights  are  all  carried  by  a  sliding  carriage  J  J, 
and  traversed  along  the  bed  of  the  machine  by  a  screw  K  with  a  self- 
acting  feed,  as  in  an  ordinary  slide  lathe.  When  the  carriage  J  has 
traversed  the  length  of  one  of  the  bosses  of  the  roller,  the  machine  is 
stopped  by  the  handle  and  strap  rod  L ;  and  the  mills  are  lifted  np 
from  off  the  roller  by  taming  the  eccentric  G.  The  carriage  J  is  then 
moved  forwards  by  the  handle  M,  on  which  is  a  pinion  working  into 
a  wheel  on  the  same  shaft  as  the  crown  wheel  N  gearing  into  the 
traversing  screw  K.  The  foar  mills  are  thus  brought  into  a  position 
to  start  milling  the  four  remaining  bosses  of  the  roller.  The  weights  F 
are  then  let  down,  causing  the  mills  to  bear  on  the  roller ;  and  the 
crown  wheel  N  being  locked  by  the  handle  O,  the  carriage  J  will  then 
traverse  the  mills  over  the  bosses.  The  mills  work  at  the  rate  of  60 
revolutions  for  1  inch  of  traverse,  the  roller  revolving  at  the  rate  of 
about  120  revolutions  per  minute ;  and  the  mills  being  about  double 
the  diameter  of  the  roller,  the  fluting  advances  about  1- 120th  inch  in 
each  revolution  of  the  roller. 

Rollers  manufactured  in  this  way  by  milling  have  a  much  harder 
surface  and  will  consequently  wear  much  longer  than  those  fluted  by 
the  ordinary  cutting  system,  the  surface  of  the  metal  being  condensed 
by  the  pressure  in  the  milling  process.  Another  advantage  is  that 
the  grain  of  the  iron  is  laid  in  the  best  direction  for  ensuring  smooth- 
ness of  action  in  the  working  of  the  roller,  since  the  roller  is  driven 
in  the  milling  process  in  the  same  direction  in  which  it  is  intended  to 
ran  in  the  drawing  frame  ;  and  the  mill  leaves  it  6u£Giciently  polished 
to  be  immediately  used  for  drawing. 
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The  drawing  rollers  are  from  1|  to  g  inch  diameter,  and  16  to  22 
mehes  length,  with  from  two  to  eight  bosses  of  proportionate  length 
upon  each ;  and  tlie  several  rollers  are  conpled  together  by  sqaare 
spigot  and  socket  joints  formed  on  the  ends  of  the  rollers,  as  shown 
in  Fig.  18,  Plate  19,  extending  to  a  total  length  of  80  to  120  feet, 
all  driven  from  one  end.     The  manufacture  of  spinning  rollers  has  of 
late  years  been  much  improved  by  the  introdaction  of  special  self- 
acting  tools  for  each  operation.     First,  the  bar  of  iron  is  cut  up  into 
lengths,  which  are  then  heated  and  rolled  between  three  rollers  to  make 
them  true  and  straight.     Secondly,  rough  squares  are  forged  at  one 
end  of  each  bar  with  a  Ryder's  hammer,  to  form  the  spigot.     Thirdly, 
each  bar  is  cat  to  the  exact  length  required,  and  a  hole  is  bored  up 
loDgitadinally  about  3  inches  at  the  other  end,  as  shown  full  size  in 
Figs.  19  and  20,  Plate  19,  six  rollers  being  bored  at  a  time  in  a 
mnltiboring  machine.     Fourthly,  the   round  holes  thus  bored   are 
aqiiared  out  for  the  coupling  by  means  of  three  punches,  as  shown 
in  F^gs.  21,  22,  and  24,  each  punch  larger  and  shorter  than  the 
preceding,  so  as  to  allow  room  for  the  shavings  to  lie  at  the  bottom 
of  the  hole,  as  seen  in  the  longitudinal  section.  Fig.  23.     The  last 
ptinch,  Fig.  24,  do'es  not  entirely  square  the  hole,  leaving  a  space  to 
allow  the  air  to  escape  from  behind  the  punch  in  order  to  prevent  risk  of 
bursting  the  socket ;  and  thus  a  portion  of  the  original  circle  is  retained 
on  each  side  of  the  square  socket  for  centering  the  roller  truly  in  the 
subsequent  taming  process.     For  squaring  up  the  spigot  end  of  each 
roller,  Figs.  25  and  26,  four  or  six  of  the  rollers  are  put  upon  a 
machine  with  as  many  verticarl  tools,  and  two  opposite  sides  of  the 
square  are  cut  at  once  by  a  pair  of  tools,  the  roller  being  carried  by 
the  centres  at  the  ends  so  as  to  ensure  the  square  being  truly  central 
with  the  roller.     The  roller  is  then  turned  one  quarter  round  and  the 
remaining  two  sides  are  cut  in  the  same  manner  as  the  two  former  ones. 
The  rollers  are  then  fitted  into  one  another,  as  shown  in  Fig.  18,  and 
marked  as  they  are  intended  to  work  in  the  spinning  machine  \  and 
^ey  are  tamed  in  pairs  to  ensure  their  running  trae.     They  are  then 
ready  for  the  fluting  machine  abeady  described. 

Figs.  27  and  28,  Plate  20,  show  a  set  of  drawing  rollers  drawn 
foil  size.    P  and  R  are  the  carrying  rollers,  in  which  the  top  rollers 
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are  BometimeB  made  of  iron,  smooth  or  corrugated ,  and  sometimes 
covered  with  leather,  P  being  the  back  or  feeding  rollers  ;  and  8  are 
the  main  drawing  rollers,  the  upper  one  covered  with  leather,  which  run 
about  seven  times  the  surface  speed  of  the  first  rollers  P.  In  Fig.  27 
the  three  pairs  of  rollers  are  placed  close  together  for  short  fibred 
cotton,  and  Fig.  28  shows  them  further  apart  for  long  fibred  cotton. 
As  the  different  qualities  of  cotton  vary  in  length  of  fibre  from  g  to 
1|  inch,  the  proper  adjustment  of  the  rollers  is  absolutely  necessary 
for  perfectly  attenuating  the  mass  of  fibres  passing  through  the  drawing 
rollers.  The  distance  from  the  centre  of  one  pair  of  rollers  to  the 
centre  of  the  next  pair,  or  the  ''nip"  of  the  rollers  as  it  is  called, 
should  in  no  case  be  less  than  the  greatest  length  of  the  cotton 
fibre,  or  else  the  fibres  would  get  broken  or  pulled  asunder  by  being 
still  held  by  the  back  rollers  when  caught  at  the  front  end  by  the 
drawing  rollers  running  at  the  higher  speed.  If  on  the  other  hand  the 
successive  pairs  of  rollers  were  too  wide  apurt,  the  shorter  fibres  would 
not  be  taken  hold  of  in  a  perfect  manner,  not  being  caught  hold  of  by 
the  quick  rollers  soon  enough  after  being  let  go  by  the  former  rollers, 
thereby  making  a  false  or  irregular  thread. 

A  set  of  drawing  rollers  and  a  bundle  of  fibre  is  shown  in  Fig.  29, 
Plate  20,  the  rollers  being  drawn  full  size,  with  the  actual  distance 
between  the  successive  pairs  longitudinally,  but  with  the  vertical  space 
between  the  two  rollers  in  each  pair  exaggerated  for  the  purpose  of 
illustrating  the  nature  of  the  drawing  action  :  PP  are  the  back  or 
feeding  rollers,  and  SS  the  main  drawing  rollers.  It  is  of  the  greatest 
importance  for  the  production  of  good  and  regular  yam  that  the  sliver 
of  cotton  fibre  should  be  regular  in  thickness,  and  also  fed  in  with  a 
regular  continuous  motion.  In  order  to  illustrate  the  action  more 
clearly,  the  fibres  are  represented  in  the  diagram.  Fig.  29,  alternately 
white,  shaded,  and  black ;  and  the  length  of  the  fibre  corresponds  with 
the  distance  from  centre  to  centre  of  the  successive  pairs  of  rollers. 
The  number  of  fibres  in  the  sliver  entering  the  feed  rollers  PP  is 
represented  as  10  in  the  diagram ;  and  the  ratio  of  speed  of  the  second 
pair  of  rollers  RR  to  thatt)f  the  first  pair  being  taken  for  the  purpose 
of  the  diagram  as  10  to  7,  the  fibres  get  drawn  out  past  one  another 
until  they  represent  7  fibres  in  thickness  under  the  second  pair  of 


Digitized  by  VjOOQ  IC 


oonoir  DRAwuro  bollbas.  71 

roilera  R.  The  third  pair  or  main  drawing  rollers  88  ran  quicker  than 
tiie  second  pair  in  the  assumed  proportion  of  7  to  8,  and  conseqnently 
the  fibres  passing  through  the  third  pair  8  are  represented  by  3  in 
thinness  of  sliver.  Thns  the  sliyer  or  bnndle  of  fibres  in  passing 
throogh  the  three  sets  of  rollers  wonld  in  this  case  be  diminished  in 
thickness  in  the  proportion  of  10  to  3,  and  increased  in  length  in  the 
same  proportion  :  so  that  the  greater  the  difference  of  speed  between 
each  pair  of  rollers,  the  finer  is  the  yarn  produced.  In  practice  the  third 
or  main  drawing  rollers  8  ran  about  seven  times  the  surface  speed  of 
the  first  rollers  P,  as  preyioosly  stated ;  so  that  the  sliver  of  fibres  is 
reduced  seven  times  in  thickness  of  fibre,  and  increased  seven  times  in 
length.  It  is  said  that  the  first  inventors  of  the  drawing  rollers  got 
their  ideas  from  the  action  of  rollers  drawing  or  rolling  iron ;  but  it  is 
evident  that  the  drawing  out  of  the  fibres  of  iron  for  the  purpose  of 
elongating  a  dense  mass  of  material  is  performed  on  a  very  different 
principle  from  the  drawing  action  produced  by  a  series  of  rollers 
naming  at  different  speeds  on  a  large  number  of  short  loose  fibres 
of  fragile  texture. 

The  spinning  of  short  fibred  cotton  is  practically  limited  by  the 
smallest  diameter  that  the  drawing  rollers  can  be  made  so  as  still  to 
allow  of  constracting  coupling  sockets  in  the  several  lengths  of  the 
rollers,  sufficiently  strong  to  transmit  the  power  required  for  a  long 
length  of  rollers.  The  great  bulk  of  the  cotton  machinery  in  this 
country  is  made  for  drawing  cotton  having  a  length  of  fibre  or  staple 
of  1  to  1)  inch,  comprising  the  better  qualities  of  cotton,  namely 

New  Orieans  and  Afrioan  cotton     .  1    to  1}  inch  length  of  fibre 

Biwdl 1   toU  „ 

Egyptian 1   to  If 

Sea  Uland 1}  to  2i     ' 

aa  shown  full  size  in  the  diagram',  Fig.  30,  Plate  20.  But  the  cotton 
from  the  new  sources  of  supply  now  being  introduced  has  a  much 
shorter  length  of  fibre,  namely 

Bart  Indian  and  Nankin  ootton   .  '    .  |  to  1  Inoh  length  of  fibre 
ai  diown  in  Fig.  80  ;  and  for  the  purpose  of  drawing  this  ootton  it  is 
requisite  that  the  diameter  of  the  rollers  should  not  exceed  |  inch,  in 
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order  to  bring  them  close  enough  together  to  deal  with  |{  inch  fibre. 
The  roller  bearings  are  made  to  slide  transversely,  as  shown  in 
Fig.  6,  Plate  14,  so  as  to  be  accurately  adjusted  to  the  particular 
length  of  fibre  in  each  sample  of  cotton  to  be  drawn  ;  and  the  rollers 
have  to  be  small  enough  for  the  shortest  fibre  intended  to  be  drawn. 

Wrought  iron  is  not  satisfactorily  applicable  to  rollers  of  so  small 
a  size  as  |  inch  diameter  when  carried  to  a  great  length;  for  in 
addition  to  the  weakness  of  the  couplings  the  total  amount  of  torsion 
in  a  long  length  of  rollers  causes  the  time  of  action  to  be  sensibly 
different  at  the  two  extremities  of  the  machine,  so  that  the  delivery  is 
too  slow  in  starting  at  the  far  end,  thus  giving  an  undue  stretch  upon 
the  yam  and  occasioning  breakage  at  those  parts.  To  obviate  this 
difficulty  a  trial  has  recently  been  made  by  the  author^s  suggestion  of 
Bessemer  steel  instead  of  wrought  iron  as  the  material  for  the  rollers, 
and  this  has  been  successfully  adopted  in  some  mills.  Steel  rollers 
have  been  formerly  tried  in  a  few  cases,  but  the  great  expense 
prevented  their  adoption ;  whereas  the  moderate  cost  of  the  Bessemer 
steel  admits  of  its  use,  whilst  its  fine  homogeneous  quality  renders  it 
specially  suited  for  the  purpose.  A  sample  of  these  rollers  is 
exhibited,  together  with  working  models  of  a  box  or  set  of  drawing 
rollers,  throstle  rollers,  and  mule  rollers. 


Mr.  Weild  exhibited  a  drawing  frame  in  action  containing  a 
set  of  the  spiral  fluted  rollers  and  the  improved  top  rollers ;  with 
specimens  of  the  fluted  rollers  in  different  stages  of  the  manufacture, 
and  of  the  Bessemer  steel  rollers,  and  the  milling  tools  employed 
for  milling  the  rollers ;  also  a  specimen  of  the  roller  gin  for  cleaning 
the  cotton  from  the  seed. 

The  Chairmah  thought  the  plan  now  described  of  milling  the 
drawing  rollers  by  the  pressure  of  a  milling  tool,  instead  of  cutting 
each  groove  separately  in  a  planing  machine,  was  highly  ingenious ; 
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and  in  combinatLon  with  the  spiral  direction  of  the  grooves  must  be 
most  beneficial  in  preserving  the  leather  surface  of  the  top  rollers  from 
injary  by  indentation.  The  employment  of  Bessemer  steel  for  the 
rollers  appeared  an  improvement  of  special  value  at  the  present  time, 
if  it  wonld  enable  the  new  short-staple  Indian  cotton  to  be  drawn  and 
manofiKtured  with  the  same  facility  as  the  old  American  and  other 
eotton  of  greater  length  of  staple,  by  the  adoption  of  drawing  rollers 
of  smaller  diameter  than  those  hitherto  used.  He  enquired  to  what 
extent  the  small  diameter  rollers  of  Bessemer  steel  were  now  employed, 
ind  how  long  the  spiral  fluted  rollers  had  been  introduced. 

Mr.  Weild  replied  that  a  mill  at  Preston  was  the  only  one  at 
present  furnished  with  the  small  rollers  of  Bessemer  steel ;  but  the 
spiral  Anted  rollers  grooved  by  the  milling  process  had  been  introduced 
abont  3)  years  ago,  and  were  now  being  employed  in  more  than  three 
bondred  mills  in  Lancashire  and  Yorkshire.  During  the  last  twelve 
months  great  numbers  of  the  old  rollers  had  been  replaced  by  the 
spiral  milled  rollers,  the  stoppage  of  the  works  for  want  of  cotton 
affording  a  good  opportunity  for  making  the  change. 

The  Chairman  .  enquired  whether  the  smaller  rollers  could  be 
appUed  irith  equal  facility  to  the  long  fibred  cotton,  if  the  latter  were 
again  supplied  in  the  same  abundance  as  formerly. 

Mr.  Wbild  thought  there  would  be  no  difficulty  in  applying  the 
small  rollers  to  the  long  fibred  cotton ;  it  would  only  be  necessary  to 
move  the  successive  pairs  of  rollers  further  apart,  to  correspond  with 
the  greater  length  of  fibre,  which  was  easily  done,  as  the  roller 
bearings  were  carried  in  slots  so  as  to  admit  of  any  adjustment 
horizontally :  and  the  difference  in  the  degree  of  contact  of  the  top 
leather  roller  upon  a  bottom  roller  of  1  inch  diameter  or  upon  a 
bottom  roller  of  only  3  or  j  inch  diameter  was  so  slight  that  it  was 
scarcely  capable  of  producing  any  perceptible  difference  in  the  drawing 
of  the  cotton.  The  prejudice  against  using  small  diameter  rollers  was 
owing  to  the  expense  attending  their  introduction  into  the  present 
drawing  frames ;  because  it  was  not  merely  that  the  large  rollers  were 
removed  and  replaced  by  the  small  ones,  but  for  this  purpose  the 
whole  of  the  roller  stands  had  to  be  removed  and  replaced  by  others 
having  the  roller  bearings  closer  together,  in  order  to  suit  the  smaller 
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diameter  of  the  rollers,  which  inrolred  a  very  heavy  expense.  The 
change  was  now  being  made  in  another  factory  at  Preston.  He 
showed .  a  specimen  of  a  roller  frame  fitted  with  a  set  of  the  small 
rollers,  the  front  and  back  pairs  of  rollers  being  |  inch  diameter,  and 
the  middle  pair  g  inch  diameter. 

The  Chairman  asked  what  was  the  speed  at  which  the  rollers  could 
be  grooved  by  the  milling  process,  as  compared  with  the  old  method 
of  planing  the  grooves  ;  and  also  how  the  mills  were  made. 

Mr.  Wbild  replied  that  by  the  milling  process  a  roller  could  now 
be  completely  grooved  ready  for  use  in  less  time  than  it  took  to  fix  the 
roller  for  cutting  in  the  old  planing  machine  and  get  the  machine 
ready  for  work.  It  took  about  H  minutes  to  mill  a  roller  of  eight 
bosses,  milling  four  at  a  time.  For  making  the  mills  a  mas^r  roller 
was  first  made  of  exactly  the  diameter  of  one  of  the  bosses  of  the 
drawing  rollers,  which  was  fluted  spirally  in  a  planing  machine  with 
grooves  of  the  exact  depth  and  pitch  required,  and  afterwards  case- 
hardened.  The  soft  iron  mills  were  then  put  in  the  milling  machine, 
and  were  themselves  milled  by  the  hard  master  roller,  and  afterwards 
casehardened.  The  iron  used  for'  the  mills  was  made  from  scrap 
consisting  of  ^'card  teeth, V  the  fine  wire  teeth  of  the  carding 
machines  :  the  mills  were  thus  not  steel,  but  iron  casehardened,  which 
was  found  more  suitable,  since  the  best  steel  was  found  to  crack  and 
fly  under  the  heavy  pressure  of  milling.  What  was  wanted  was  a 
hard  and  tough  quality  of  metal,  having  a  surface  hard  enough  for 
indenting  the  rollers  in  milling,  but  not  so  brittle  as  to  crack  under 
the  pressure ;  and  these  qualities  were  admirably  combined  in  the 
casehardened  iron  made  from  the  card  teeth.  It  was  now  a  regular 
trade  in  Manchester  to  make  that  iron  from  the  card  teeth  to  be  used 
for  the  engraving  rollers  employed  in  calico  printing ;  and  for  that 
purpose  no  kind  of  steel  would  do  that  had  the  least  flaw  in  it.  He 
showed  specimens  of  the  mills  that  had  been  in  constant  work  for  six 
months  and  were  not  worn  out  yet,  exhibiting  scarcely  any  signs  of 
wear  at  present.  He  showed  also  a  specimen  of  a  roller  milled  to  a 
much  greater  depth  with  two  opposite  spirals  of  rapid  pitch,  producing 
a  deeply  **  pitted  '*  or  grated  surface  ;  such  rollers  were  required  for 
drawing  off  the  cloth   from   looms,   and   were  previously  made  by 
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poncfaing  »  piece  of  sheet  iron  in  the  manner  of  a  grater,  and  wrapping 
it  roand  a  wooden  roller  with  the  rough  side  outwards. 

The  Ghairvak  remarked  that  the  homogeneous  character  of  the 
Befisaner  steel  would  he  a  great  advantage  in  the  manufacture  of  the 
drawing  rollers,  and  its  superiority. to  ordinary  steel  in  that  respect 
was  clearly  seen  in  the  two  specimens  of  rollers  now  exhibited,  one  of 
the  Bessemer  steel  and  the  other  of  ordinary  steel,  the  latter  having 
its  vuhce  fall  of  minute  lines  while  the  former  appeared  perfectly 
homogeneous  and  free  from  even  the  faintest  appearance  of  marks. 
In  respect  of  strength,  he  had  tested  a  great  deal  of  the  Bessemer 
steel,  and  found  it  had  nearly  double  the  tensile  strength  of  the  best 
wrought  iron. 

Mr.  WsiLD  observed  that  the  steel  he  had  used  for  the  small 
drawing  rollers  was  not  the  best  Bessemer  steel,  but  was  obtained  at  a 
cost  of  about  £26  per  ton.  It  was  completely  homogeneous  and  free 
from  cracks,  and  answered  the  purpose  very  well  for  the  drawing 
rollers.  It  was  not  necessary  to  make  the  rollers  of  the  very  best 
Bessemer  tool  steel,  because  they  had  not  to  be  tempered  after  the 
milling. 

Mr.  J.  Fernis  thought  the  new  mode  of  fluting  the  rollers  was  a 
beaatllul  and  ingenious  application  of  the  milling  process  and  much 
laperior  to  any  plans  of  milling  previously  in  use.  He  enquired 
whether  any  attempt  had  been  made  to  apply  the  same  method  of 
nulling  for  making  rimers  for  rimering  out  circular  holes. 

Mr.  D.  Joy  observed  that  the  milling  process  had  the  effect  of 
roanding  the  edges  of  the  grooves  instead  of  leaving  them  square  and 
sharp  as  in  the  former  planed  grooves ;  but  a  rimering  tool  required 
iqaare  cutting  edges,  not  rounded  off,  which  could  not  he  thought  be 
obtained  by  milling. 

Mr.  Weild  said  he  had  not  tried  the  milling  process  for  any  other 
purpose  than  that  described ;  and  there  was  a  sort  of  tooth  and  tooth 
action  between  the  milling  tool  and  the  roller,  whereby  the  edges  of 
the  grooves  were  necessarily  rounded  off,  which  was  an  advantage  in 
the  make  of  drawing  rollers.  The  success  of  the  operation  depended 
on  taking  in  very  small  portions  of  the  surface  successively  to  be  acted 
npon  by  the  mill :  if  it  were  attempted  to  mill  one  of  the  rollers  by 
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placing  the  whole  of  the  g  inch  edge  of  the  mill  upon  the  roller  at 
once,  it  wonld  be  impossible  to  indent  the  surface  ;  but  by  beginning 
with  a  very  small  length  of  roller  under  the  mill,  and  advancing  the 
mill  lengthwise  on  the  roller  only  1-1 20th  inch  in  each  revolution  of 
the  roller,  the  fluting  was  accomplished  without  any  excessively  severe 
pressure ;  and  the  remaining  portion  of  the  edge  of  the  mill  acted  as  a 
polisher  following  the  milling,  so  that  the  flutes  were  milled  and 
polished  all  at  one  operation.  The  result  of  using  the  milled  rollers 
was  that,  in  consequence  of  the  roundness  of  the  edges  of  the  flutes 
and  their  spiral  direction,  the  leather  of  the  top  rollers  continued  in 
good  condition  with  a  smooth  surface  for  a  much  longer  time ;  and 
this  was  a  very  important  point,  since  a  nice  even  yam  was  obtained 
in  spinning  as  long  as  the  leather  remained  uninjured,  but  not  after 
its  surface  became  roughened  by  wear. 

Mr.  J.  Fernib  enquired  how  the  rollers  were  got  true  in  line 
and  diameter,  so  as  to  run  perfectly  steady  for  such  a  long  length  as 
1 30  feet,  made  up  of  so  many  short  lengths  jointed  together. 

Mr.  Weild  explained  that  all  the  coupling  sockets  and  spigots 
were  cut  by  machinery,  the  rollers  being  accurately  centred  on  the  same 
centre  holes  in  each  operation,  whereby  perfect  truth  of  work  was 
obtained.  The  bar  to  fomi  the  roller,  after  being  forged  roughly  at 
one  end  to  the  required  square  for  the  spigot,  had  a  centre  hole  drilled 
at  each  end  for  centering  it  in  the  boring  machine,  where  the  socket 
hole  was  drilled  and  afterwards  squared  out  to  the  exact  size  by  three 
punches,  working  longitudinally  and  following  one  another  in  the  hole : 
the  roller  was  then  centred  by  the  same  centres  in  an  upright  slotting 
machine  for  squaring  the  spigot  end,  and  the  two  opposite  sides  of  the 
square  were  cut  simultaneously,  after  which  the  roller  was  turned  one 
quarter  round,  and  the  two  other  sides  cut  in  the  same  way.  The 
rollers  were  then  fitted  together  and  marked,  and  afterwards  turned  in 
pairs  in  the  lathe:  Nos.  1  and  2  were  first  turned  together;  then 
No.  1  was  removed,  and  No.  3  was  turned  with  No.  2 ;  then  No.  2 
was  removed,  and  No.  4  turned  with  No.  3;  and  so  on.  By  this 
means  the  whole  length  of  a  long  line  of  rollers  was  made  to  run 
perfectly  true. 
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Mr.  J.  Fbrkie  asked  how  the  covering  of  the  top  rollers  with 
leather  was  performed. 

Mr.  WiiLD  explained  that  the  cast  iron  boss  of  the  roller  was  first 
pamted  and  coyered  with  a  layer  of  felted  flannel ;  and  then  the  leather 
was  wrapped  round  outside  by  machinery,  and  a  knife  in  the  machine 
set  at  an  inclination  cut  it  off  with  a  bevilled  edge  so  as  to  lap 
accurately  without  increasing  the  thickness  of  leather  at  the  joint :  at 
the  Bame  time  a  glue  brush  was  passed  along  the  edge,  sticking  it 
down  securely  with  strong  glue.  The  top  rollers  were  required  to  be 
hoth  durable  and  elastic,  and  the  leather  formed  a  durable  external 
covering,  while  the  layer  of  flannel  underneath  gave  the  elasticity 
reqmred  to  prevent  the  cotton  fibres  being  injured  in  drawing. 

Mr.  D.  K.  Clark  enquired  what  description  of  leather  was  used 
for  coTering  the  rollers ;  he  understood  that  pigskin  had  be^n  employed 
lately  for  the  purpose. 

Mr.  WsiiiD  believed  the  leather  generally  used  Tor  covering  the 
rollers  was  common  sheepskin,  prepared  slightly  for  that  particular 
purpose. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Weild  for  his 
paper  and  the  numerous  specimens  he  had  exhibited,  which  was 
passed. 


The  following  paper  was  then  read : — 
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ON  THE  LOCOMOTIVE  ENGINES 
IN  THE  INTERNATIONAL  EXHIBITION  OP  1862. 


BT  Mr.  D.  E.  GLABE,  of  London. 


The  collection  of  Locomotive  Engines  shown  in  the  International 
Exhibition  of  1862  may  be  adopted  as  a  fair  average  exponent  of  the 
best  and  most  recent  practice  both  English  and  Foreign,  particnlarly 
the  former.  The  English  engines  were  mainly  examples  of  the 
standard  classes  in  general  nse  on  the  principal  English  railways.  The 
Foreign  locomotives  showed  greater  variety,  boldness,  and  originality 
of  design,  and  were  mainly  constructed  for  lines  with  very  heavy 
gradients  and  sharp  curves,  which  are  generally  associated  together  in 
mountainous  districts,  causing  special  mechanical  difficulties  not 
applying   to    the  general    circumstances   of  the   English    railways. 

Twenty  engines  altogether  were  exhibited,  of  which  eleven  were 
contributed  from  the  United  Kingdom,  three  from  France,  one  from 
Belgium,  two  from  Austria,  one  from  Prussia,  one  from  Saxony,  and 
one  from  Italy.  Of  the  above  twenty  engines,  fourteen  had  outside 
cylinders,  and  six  had  inside  cylinders ;  and  of  the  eleven  English 
engines  seven  had  outside  cylinders,  and  four  had  inside  cylinders. 
Most  of  the  engines  were  specially  constructed  for  burning  coal :  a 
feature  which  has  been  introduced  entirely  since  the  former  Exhibition 
of  1851,  on  account  of  the  smaller  cost  of  coal  for  fuel  compared  with 
coke.  The  principal  particulars  of  the  locomotive  engines  exhibited, 
both  English  and  Foreign,  are  given  in  the  Table  appended. 

English  Locomotives. — Amongst  the  English  locomotives  may  be 
noticed  first,  as  specimens  of  the  largest  class  of  Express  engines, 
two  exhibited  and  manufactured  by  the  London  and  North  Western 
Bailway ,  one  with  inside  and  the  other  with  outside  cylinders,  but  both 
with  7  ft.  6  ins.  driving  wheels,  and  designed  with  special  regard  to 
the  running  of  the  express  trains  on  that  line. 
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Of  the  Inidde  Cylinder  class  only  three  engines  were  made,  as  it 

wu  found  to  be  heavy  on  the  road  and  in  consumption  of  fael.    It  is  an 

engine  of  maximnm  dimensions ,  and  indeed  must  be  considered  beyond 

the  capacity  of  the  narrow  gauge  for  proper  working.  With  cylinders  of 

18  inches  diameter  and  a  stroke  of  24  inches,  7  ft.  6  ins.  driving  wheels, 

tnd  26  square  feet  of  grate,  it  weighs  34|  tons  in  working  order,  of 

which  there  are  144  ^^^  ^^  ^^  single  pair  of  driving  wheels.  With  the 

tender,  weighing  25  tons  with  fuel  and  water,  the  total  weight  to 

be  moved  amounts  to  about  60  tons,  exclusive  of  the  train.     The 

boiler  has  been  designed  for  burning  coal,  with  a  combustion  chamber 

and  a  double  compartment  of  the  firebox  for  alternate  firing,  to  which 

have  been  added  firebrick  arches  inside  and  deflecting  plates  in  the 

doorways.     The  grate  is  7  feet  long  in  two  parallel  strips,  and  the 

enormous  amount  of  242  square  feet  of  heating  surface  has  thus  been 

attained  in  the  firebox  and  the  combustion    chamber;    making  the 

"direct'"  heating  surface  greater  than  has  before  been  attained  on  the 

narrow  gauge.     But  the   advantage  of  ''direct'*   surface,   or   that 

which  is  exposed  to  the  radiant  heat  of  the  fire,  depends  upon  its 

being  within  a  reasonable    distance  of  the  grate;    whereas  in  this 

firebox  the  crown  is  6  feet  3  inches  above  the  grate,  and  the  upper 

portions  of  the  surface  are  therefore  nearly  ineffective  for  evaporation. 

This  great  extension  of  firebox  and  combustion  chamber  has  led  to 

the  curtailment  of  the  tubes  to  9  feet  4  inches  length,  and  it  has 

been  attempted  to  compensate  for  this  by  packing  214  tnbe^  together 

at  '50  inch  distance  apart,  making  980  square  feet  of  heating  surface  in 

the  tabes.   The  opinion  has  been  extensively  held  that  heating  surface 

is  mechanically  the  equivalent  of  evaporating  power,  but  this  in  the 

writer's  opinion  has   not  been   confirmed   by  practice;    for  besides 

SQtiace,  circulation  is  wanted ;  the  circulation  of  the  water  to  the 

tubes,  and  of  the  steam  from  amongst  them :  and  in  this  particular 

engine  the  evaporative  power  of  a  smaller  number  of  tubes  placed 

at  '75  inch  apart  would  have  been  greater  than  that  of  the  tubes 

as  they  are.     The  driving  and  leading  springs  are  connected  by  a 

compensating  beam,  which  seems  likely  to  give  an  unsafe  freedom  of 

action  to  the  engine  at  high  speeds. 
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The  Outside  Cylinder  engine,  exhibited  by  the  London  and  Korth 
Western  Railway,  is  one  of  a  numerous  class  running  the  express 
trains  on  that  line,  and  contrasts  in  several  respects  with  the  inside 
cylinder  engine.  It  weighs  only  27  tons  in  working  order,  and  the 
tender  17|  tons,  making  a  total  of  44}  tons,  as  against  60  tons  for 
the  other  engine ;  and  the  weight  on  the  driving  wheels  is  only 
Hi  tons  instead  of  14^  tons.     The  weights  on  the  several  wheels  are, 

Inside  Cjlinder  engiae.  Oataide  Cylinder  engine. 

Leading  wheels    ....    11*90  tons 9*40  toDS. 

Driving  wheels    ....    U'80    ,,       11-50    „ 

Trailing  wheels    ....      8*50    „ ^'^O    „ 

Total  weight    .    34-70    „ 27-00    „ 

The  firebox  is  of  the  ordinary  form,  with  little  more  than  half  the 
grate  surface  of  the  other  engine ;  and  it  is  fitted  for  coal  burning 
with  a  firebrick  arcji  and  two  air  openings  in  front,  closed  by  a 
regulating  flap,  as  shown  in  Figs.  1  and  2,  Plate  21,  which  show  a 
longitudinal  and  transverse  section  of  the  firebox.  The  heating 
surface  of  the  firebox  is  85  square  feet,  being  little  more  than  one 
third  that  of  the  inside  cylinder  engine  ;  and  there  are  fewer  tubes, 
but  then  they  are  *62  inch  apart.  The  other  engine  gains  the  advantage 
in  the  greater  size  of  blast  orifice,  which  is  5i  inches  diameter  for  the 
inside  cylinder  engine,  and  4}  inches  for  the  outside  cylinder  engine; 
owing  to  the  larger  area  of  grate  in  the  former  engine,  which  does  not 
require  the  same  sharpness  of  blast  to  draw  the  air  through. 

Regarding  the  engines  as  carriages,  the  height  of  the  centre  of  the 
boiler  in  the  inside  cylinder  engine,  7  feet  5|  inches  above  the  level 
of  the  Vails,  is  considerable,  and  tells  upon  the  rails  when  the  engine 
sways.  In  the  outside  cylinder  engine,  though  the  driving  wheels  are 
as  large,  the  centre  of  the  boiler  is  11  inches  lower;  and  this  in 
connexion  with  a  compact  wheel  base  and  a  balanced  driving  wheel, 
produces  a  safe  steady  and  easy-running  engine.  In  both  the  engines 
feed  pumps  are  displaced  by  two  Gifiard^s  injectors. 

The  outside  cylinder  engine  is  fitted  with  a  duplex  direct-action 
safety  valve,  in  which  a  pair  of  valves  are  pressed  down  by  a  crossbar 
with  a  spiral  spring  attached  to  the  middle  of  the  bar,  between  the 
two    valves,    as   described   at   a  former  meeting   (see  Proceedings 
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Inst.  M.£.y  1856,  page  87) ;  a  decidedly  superior  arrangement  to  the 
ordinary  weighted  lever,  since  this  valve  cannot  be  tampered  with,  and 
is  much  more  prompt  in  discharging  an  excess  of  steam,  as  it  opens 
wider  for  a  given  excess  of  pressure.  The  smokebox  is  famished  with 
a  descending  hopper  at  the  bottom,  having  a  small  opening  not 
closed,  through  which  ashes  and  ignited  cinders  are  allowed  to  escape 
constantly ;  thns  overheating  of  the  smokebox  is  prevented.  The 
rerersing  gear  is  worked  by  a  screw  and  handwheel,  instead  of  the 
nsnal  long  lever  and  notched  sector ;  this  reversing  gear,  which  is 
applied  to  nearly  200  engines,  is  more  easily  worked,  saving  the 
engineman  a  great  deal  of  fatigne. 

The  tender  of  this  engine,  exhibited  with  it,  has  six  wheels,  and 
veighs  empty  9)  tons,  full  17  J  tons,  the  load  being  equally  distributed 
on  the  wheels.  It  is  fitted  with  the  apparatus  for  picking  up  water 
whilst  running,  as  described  at  a  former  meeting  of  the  Institution 
(see  Proceedings  Inst.  M.E.,  1861,  page  43)  :  a  scoop  is  let  down 
from  the  bottom  of  the  tender,  and  dips  into  the  water  contained  in  a 
long  open  trough  between  the  rails,  from  which  it  is  made  to  flow  up 
the  scoop  into  the  tender  tank  by  the  motion  of  the  tender  in  running. 
A  minimum  speed  of  more  than  15  miles  per  hour  is  required  for  this 
operation.  Three  of  these  water  troughs  have  now  been  laid  down  and 
are  in  use  in  different  situations  on  the  London  and  North  Western 
Railway ;  and  their  advantages  are  that  the  size  and  weight  of  the 
tender  for  running  a  given  distance  may  be  reduced,  the  number  of 
stoppages  lessened,  and  time  saved.  An  express  engine  has  thns  been 
enabled  to  run  the  whole  distance  from  Holyhead  to  Stafford,  130|  miles, 
m  one  continuous  run,  without  a  single  stoppage,  at  an  average  speed 
of  54J  miles  per  hour. 

The  next  engine  to  be  noticed  is  a  Passenger  Express  engine,  for 
the  South  Eastern  Bailway  of  Portugal,  5  feet  5*2  inches  gauge, 
exhibited  and  manufactured  by  Messrs.  Beyer  Peacock  and  Co.,  whose 
design  is  characterised  by  elegance,  thoroughness,  and  finish,  in  form, 
arrangement,  and  detail.  This  engine  is  a  type  of  the  prevalent  style 
of  English  inside  cylinder  express  engines.  The  framing  is  composed  of 
two  pairs  of  longitudinal  bars  or  slabs  running  straight  from  end  to 
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end,  crosB-braoed  bj  the  cylinders,  the  footplate,  and  variooB  cross 
plates.  The  extension  alongside  the  firebox  of  the  two  inside  longitudinal 
slabs,  which  stopped  short  in  front  of  it  in  the  earlier  examples  of  this 
description  of  frame,  is  a  great  improvement  in  practice,  as  it  connects 
the  steam  cylinders,  driying  axle,  and  drawplate  directly  and 
immovably  together,  and  bears  the  entire  strain  of  the  steam  in  the 
cylinders  and  transmits  the  tractive  force  to  the  train.  The  boOer  is 
ihns  relieved  of  all  strain  from  the  working  parts,  from  which  formerly 
it  was  not  free  and  then  suffered  accordingly.  The  driving  axle  is 
made  with  only  two  bearings,  inside  the  wheels,  for  which  the  guards 
are  forged  on  the  inside  frame  plate,  and  the  leading  and-  trailing 
wheels  have  their  bearings  outside  the  wheels;  an  arrangement 
originated  by  the  late  Mr.  John  Gray,  and  now  generally  adopted  for 
its  simplicity,  and  for  the  greater  firmness  of  the  frame  and  the 
increased  duration  of  the  crank  axle.  The  steam  strain  is  in  fact 
confined  to  the  two  inside  frame  plates,  and  to  the  inside  bearings  of 
the  crank  axle,  close  to  the  cranks.  The  leading  and  trailing  wheels 
are  3  feet  9  inches  diameter,  the  driving  wheels  being  7  feet :  the 
leading  wheels  have  been  thought  rather  too  small,  and  no  doubt  there 
is  space  in  the  engine  for  enlarging  them ;  but  they  would  have 
departed  from  nniformity  with  the  six  tender  wheels,  which  also  are 

3  feet  9  inches  diameter. 

The  short  cast  iron  blast  pipe  reaching  just  above  the  level  of  the 
upper  row  of  the  tubes  is  to  be  remarked.  This  level  of  blast  orifice 
has  been  found  to  give  the  best  results,  creating  a  better  draught  with 
a  wider  orifice,  as  compared  with  higher  blast  pipes ;  and  was  arrived 
at  by  Mr.  Peacock,  by  means  of  a  series  of  well  arranged  experiments 
on  the  Manchester  Shefiield  and  Lincolnshire  Railway:  the  low 
blast  pipe  is  now  generally  employed.  The  early  blast  pipes  were 
carried  some  distance  into  the  chimney  and  had  very  contracted 
orifices,  and  a  sharp  blast  with  much  back  pressure  on  the  piston  was 
the  consequence. 

The  boiler,  in  consequence  of  the  greater  width  of  the  Portuguese 
gauge,  5  feet  52  inches,  has  a  large  square  firebox,  4  feet  10  inches 
each  way  over  the  outside  shell ;  and  has  a  large  diameter  of  barrel, 

4  feet  2  inches,  which  gives  abundance  of  steam  and  water  space. 
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NeTerthel«88  for  effective  heating  surface  a  firebox  of  oblong  form 
would  in  tbe  writer's  opinion  be  better.  There  are  215  tabes  of  2  inches 
diameter  placed  at  -56  inch  apart :  had  the  tubes  been  only  If  inch 
diameter,  which  upon  the  whole  the  writer  considers  the  best  size,  and 
placed  in  the  same  position,  the  larger  clearance  of  *69  inch  so  obtained 
for  drcdation  would  have  improyed  the  evaporative  efficiency.  The 
firebox  is  adapted  for  coal  burning  with  a  firebrick  arch,  a  deflector  plate 
from  the  doorway,  and  sliding  firedoors,  on  the  plan  in  use  on  the 
Midland  Railway  (see  Proceedings  Inst.  M.E.,  1860,  page  147). 

A  Passenger  Express  engine  for  the  Caledonian  Railway, 
exhibited  and  manufactured  by  Messrs.  Neilson  and  Co.,  is  a  specimen 
of  the  class  of  engines  extensively  used  on  that  line,  which  were 
designed  with  a  view  to  economy  rather  than  speed,  although  a 
very  large  driving  wheel  is  used  ;  they  are  employed  on  main  line 
serrice  between  Glasgow  and  Carlisle,  taking  their  turn  with  all 
tniiu,  fast  and  ordinary.  From  the  experience  that  had  previously 
been  acquired  of  the  durability  and  general  economy  of  the  7  ft.  driving 
vheels  over  the  original  6  ft.  wheel  passenger  engines  of  the  line, 
it  WIS  supposed  that  a  further  extension  of  the  principle  of  enlarging 
the  driving  wheel  would  be  advantageous ;  and  the '  extreme  size 
of  8  feet  2  inches  diameter  has  been  adopted  for  trial  in  the  class 
of  engines  exhibited:  but  it  may  be  questioned  whether  this  has  not 
been  carried  too  far.  The  cylinders  are  174  inches  diameter 
tnd  24  inches  stroke.  This  engine  has  grown  out  of  the  old  Crewe 
pattern  of  engine,  originally  introduced  on  the  Caledonian  line  by  the 
late  Mr.  Locke,  the  chief  engineer,  and  successively  modified  to  meet 
the  growing  requirements  of  the  traffic.  The  engine  weighs  in 
working  order  dO|  tons,  of  which  the  driving  weight  amounts  to 
I4|  tons.  This  driving  weight  is  considerably  in  excess  of  any  other 
among  the  engines  exhibited,  except  that  of  the  North  Western 
inside  cylinder  engine ;  but  no  doubt  the  large  size  of  the  driving 
wheds,  8  feet  2  inches  diameter,  reduces  in  some  degree  tiie  injurious 
effects  of  so  great  a  concentrated  load  on  the  permanent  way.  The 
coraiteTweights  are  compactly  forged  into  the  rims  of  the  wheels, 
extending  over  one  third  of  the  circumference;  and  though  a  little 
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'  more  weight  is  thns  requisite  to  complete  the  balance,  it  sweeps  gently 
over  the  rails  when  the  engine  is  in  motion,  without  the  sledge-hammer 
effect  of  a  revolving  cubical  mass  compressed  into  the  space  between 
two  or  three  spokes.  For  such  a  large  wheel  also  the  spokes  are 
planted  thickly,  at  10  inches  centre  to  centre  on  the  rim  :  the  stiffness 
of  a  spoke  decreases  in  a  rapid  proportion  with  its  length,  diminishing 
as  the  cube  of  the  length,  so  that  a  spoke  of  an  8  feet  wheel  Trill  be 
only  about  half  as  stiff  as  a  spoke  of  the  same  scantling  for  a  7  feet 
wheel.  The  driving  axle  is  of  cast  steel  and  the  tyres  are  of  Krupp^s 
steel. 

The  framing  of  the  old  Crewe  engine  is  retained  in  this  one,  giving 
outside  bearings  to  the  fore  and  hind  axles  and  inside  bearings 
to  the  driving  axle.  In  this  respect  the  North  Western  outside 
cylinder  engine  already  described  is  at  variance  with  the  older 
practice,  having  but  one  longitudinal  frame  plate  on  each  side, 
with  inside  bearings  for  all  the  wheels.  It  may  very  properly 
become  a  question  whether  the  cylinders  should  be  so  rigidly  united 
as  ihej  are  in  the  Caledonian  engine  to  the  outside  frame  plates,  which 
carry  two  pairs  of  wheels  and  axles  and  of  course  transmit  the  shocks 
of  the  road  to  the  cylinders.  The  footplate  is  provided  with  a  housing 
for  the  engineman  and  stoker,  a  most  important  provision  for  their 
comfort  and  consequently  for  the  safety  of  railway  trains.  Plain 
fence  plates  or  weatherboards  across  the  back  of  the  firebox  are  now 
commonly  applied  to  engines,  and  these  are  useful ;  but  the  housing 
is  certainly  better,  and  it  seems  strange  that  the  adoption  of  so 
desirable  a  protection  should  have  been  so  long  neglected. 

The  slide  valves  are  made  with  1}  inch  lap  at  each  end,  according 
to  the  proportion  originally  arrived  at  by  Mr.  Sinclair  on  the  Caledonian 
Bailway  from  finding  the  peculiar  importance  of  long  lap  and  long 
travel  for  the  valves  of  outside  cylinders.  The  long  lap  and  long 
travel  of  the  valves  unquestionably  facilitate  the  free  exhaust  of  the 
steam  at  high  speeds  from  exposed  cylinders,  in  which  the  steam  is 
more  or  less  partially  condensed :  and  moist  steam  being  not  so  active 
as  dry  steam  exerts  an  excessive  back  pressure  on  the  piston,  if  not 
freely  discharged. 
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The  boiler  is  fitted  with  the  firebrick  arch  and  door  deflector 
previously  referred  to  for  baming  coal ;  the  barrel  is  3  feet  10  inches 
diameter,  and  contains  192  tubes  of  If  inch  diameter,  placed  with 
*62  inch  clearance  between  them.  Giffard's  injectors  are  employed. 
The  oonsomption  of  coal  by  these  engines  is  stated  to  ayerage 
28  lbs.  per  mile,  with  trains  of  9  heavy  carriages  and  a  speed 
of  35  to  40  miles  an  hour;  and  they  take  14  loaded  carriages  np  the 
Beattock  Incline,  an  average  rise  of  1  in  78  for  10  miles,  at  a  speed 
of  30  miles  an  hoar. 

The  Qoods  engine  for  the  London  Chatham  and  Dover  Railway, 

exhibited  and  manufactured  by  Messrs.  Sharp  Stewart  and  Co.,  is  a 

first-rate  six-coapled>wheel  engine,  with  5  feet  wheels  and  17  inch 

cjlinders  of  maximum  power,  adapted  for  the  heavy  loads,  heavy 

gradients,  and  the  high  speeds  ultimately  intended  on  that  line.     It 

is  a  fine  engine,    of  excellent  workmanship    and  proportions.     It 

weighs  empty  28 1  tons,  full  32  tons ;  and  the  weight  is  nearly  equally 

distributed  over  the  three  axles,  to  the  advantage  of  the  permanent 

way,  so  that  the  load  on,  any  one  axle  does  not  vary  more  than  J  ton 

from  the  average  load  oa  all  the  axles,  the  loads  being  as  follows  : — 

Leading  wheels 10*65  tons. 

Middle  wheels 11*55    ,, 

Trailing  wheels 9*85    „ 

Total  weight    .    82*05    „ 

The  firebox  is  8  feet  long  externally,  with  an  inclined  grate 
on  the  South  Eastern  Bailway  plan  for  burning  coal,  as  shown  in 
Figs.  3  and  4,  Plate  21,  which  give  a  longitudinal  section  and 
sectional  plan  of  the  firebox.  The  hind  axle  is  thus  brought  under 
the  firebox  about  one  third  of  the  length,  and  is  enabled  to  take  its 
proper  share  of  the  load  ;  whilst  the  length  of  wheel  base  is  moderated, 
and  is  bisected  by  the  middle  axle  :  advantages  peculiar  to  this  plan 
of  firebox.  The  firebox  measures  7  feet  3  inches  long  inside,  divided 
longitudinally  by  a  midfeather,  as  seen  in  the  plan,  Fig.  4 ;  and 
Ims  27^  square  feet  of  grate.  There  are  189  tubes,  2  inches  diameter, 
with  '62  inch  clearance,  within  a  4  ft.  2  ins.  barrel.  These  are  good 
proportions,    according  to  current  practice;    but  had    there  been 
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only  160  tubes  with  '75  inch  clearance,  in  snch  a  large  barrel,  it  would 
in  the  writer's  opinion  haye  been  decidedly  better.  The  boiler  is  fitted 
with  Giffard's  injector.  The  housing  for  the  engineman,  with  windows 
in  the  front  and  sides,  is  very  good  and  complete. 

The  frame  is  composed  of  four  longitudinal  plates,  carried  from 
end  to  end,  with  suitable  cross  plates  to  bind  them.  The  outer  plates 
are  each  of  one  slab,  combining  great  strength  and  lightness;  the 
usual  construction  of  outer  frame  with  double  plates  and  timber 
packing  has  thus  been  superseded  in  this  engine.  The  driving  axle 
has  four  bearings,  two  inside  and  two  outside,  and  the  extreme  axles 
have  only  outside  bearings  ;  and  the  old  antagonistic  action  is  set  up, 
arising  out  of  the  unequal  wear  of  the  inside  and  outside  bearings : 
the  inside  bearings  next  the  cranks,  receiving  the  full  strain  of  the 
steam,  will  wear  faster  than  the  outside  bearings,  leaving  the  cranks 
unsupported,  and  shortening  the  duration  of  the  axle ;  overstraining 
in  that  way  also  the  connexions  of  the  inner  and  outer  frame  plates, 
and  thereby  loosening  them.  On  the  other  hand  this  arrangement 
admits  of  large  outside  bearings  and  capacious  axleboxes  for  all  the 
axles ;  an  advantage  which  unfortunately  the  narrow  gauge  does  not 
permit  for  inside  crank- axle  bearings.  The  drawing  tackle  of  this 
engine  is  connected  exclusively  to  the  frame,  and  kept  quite  independent 
of  the  firebox. 

The  valve  gear  is  very  substantially  and  firmly  arranged:  the 
expansion  link  is  shifted,  and  the  slide  block  is  not  overhung,  bat 
hung  between  the  ends  of  the  link  which  carries  it.  This  engine  is 
stated  to  be  capable,  with  a  working  pressure  of  120  lbs.  per  square 
inch,  of  taking  a  load  of  480  tons  on  a  level  at  20  miles  an  hour,  or 
a  load  of  250  tons  up  a  gradient  of  1  in  100  at  15  miles  an  hour. 

A  six- wheel- coupled  Goods  engine  of  excellent  workmanship  for 
the  Midland  Railway  was  exhibited  and  manufactured  by  Messrs. 
W.  Fairbaim  and  Sons.  It  has  the  ordinary  rectangular  firebox  with 
14}  square  feet  of  grate,  and  is  fitted  on  the  Midland  plan  already 
referred  to  for  burning  coal.  The  cylinders  are  16  inches  diameter 
with  24  inches  stroke.  The  engine  weighs  in  working  order  324  ^^^} 
and  is  a  thoroughly  good  engine  of  its  kind ;  it  is  a  type  of  the  powerful 
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goodfl  engine  usuallj  met  with  on  the  old  main  lines  of  railway,  and 
may  be  nsefally  compared  with  the  Chatham  and  Doyer  goods  engine 
last  descrihed,  which  is  an  engine  of  the  same  weight  and  power,  bat 
of  a  different  and  more  recent  class.  In  the  first  place,  the  weight  is 
not  so  well  distribated  on  the  wheels  of  the  Midland  engine,  being 
considerably  in  excess  on  the  leading  wheels,  the  loads  being  as 
follows : — 

MidUnd  enfiBe.  Chitliam  and  Bow  engine. 

Leading  wheels    ....    12*30  tons  .'  .    .    .    .  10*65  tons. 

Middle  wheels      ....    11-25    „  11*55    ., 

TraOmg  wheels    ....      8*70    ,, 9*85    „ 

Total  weight    .    32*25    , 32*05    „ 

showing  in  the  former  engine  3)  tons  more  load  on   the  leading 

wheels  than  on  the  trailing,  and  in  the  latter  only  J  ton  more ;  while 

the  wheel  base  of  the  former  engine  is  16  feet  6  inches,  or  1  foot  more 

thin  that  of  the  latter,  as  the  yertical  firebox  of  the  former  keeps  back 

the  hind  axle.     The  frame  of  the  Midland  engine,  like  that  of  the 

other,  has  four  longitudinal  plates,  with  fonr  bearings  to  the  driving 

aile  and  ontside  bearings  to  the  other  axles ;  bat  the  inside  frame 

plates  stop  short  at  the  firebox,  and  are  fastened  to  it  by  sliding  joints, 

allowing  for  expansion  of  the  boiler.      The  drawplates  are  riretted  to 

ind  across  the  back  of  the  firebox,  from  which  the  whole  of  the  drag 

is  taken;  and  therefore,  as  the  tractiye  force  must  be  transmitted 

from  the  ontside  frame  plates  to  the  firebox,  they  are  yery  strongly 

imited  to  it  by  brackets  for  that  purpose.     Thus  the  whole  area  of  the 

frame  behind  the  firebox  remains  unemployed  except  as  standing 

gronnd.     This  is  in  the  writer's  opinion  an  objectionable  feature  in  the 

engine,  without  any  oounteryailing  advantage.     Not  only  is  the  steam 

power  transmitted  circuitously,  tending  to  overstrain  and  buckle  the 

framing ;  but  it  arbitrarily  subjects  the  boiler,  already  highly  strained, 

to  a  great  and  unnecessary  additional  strain,  which  is  now  beneficially 

avoided  in  the  other  arrangements  of  the  framing  as  already  described. 

Ihe  boiler  tubes  are  well  designed,  being  2  inches  diameter,  180  in 

number,  and  placed  with  -62  inch  clearance,  in  yertical  rows ;  which 

aoooonts  for  the  high  character  of  these  engines  for  keeping  up  the 

The  boiler  is  put  together  without  angle  iron,  the  plates  being 
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flanged  at  the  end  ;  the  steam  dome  also  is  flanged  and  formed  in  one 
piece.  For  this  purpose  thick-edged  plates  are  used,  rolled  to  |  inch 
or  I  inch  thick  at  the  edge,  to  allow  material  to  work  upon  in  flanging. 
The  advantages  claimed  for' the  thick-edged  plates  in  their  application 
are  that  thej  saye  a  joint,  including  a  row  of  rivets,  and  are  stronger 
than  angle  iron  joints  ;  and  that  the  joints  are  cheaper  and  easier  to 
make,  and  are  not  suhject  to  grooving  hj  corrosion.  The  dome  joints 
heing  faced  in  the  lathe,  had  joints  are  prevented. 

Of  the  Mixed  engines  a  six-wheeled  four-coupled  engine  for  the 
East  Indian  Railway,  of  5  feet  6  inches  gauge,  was  exhibited  and 
manufactured  by  Sir  W.  Q.  Armstrong  and  Co.,  with  outside  cylinders 
and  the  hind  wheels  coupled.  The  wide  Indian  gauge  of  rails,  5  feet 
6  inches,  admits  of  a  large  flrebox  4  feet  H  inches  square  inside, 
with  a  grate  of  17  square  feet,  which  appears  too  large  for  the 
cylinders  of  IC  inches  diameter  and  22  inches  stroke  and  the  wheels 
of  5  feet  7  inches  diameter.  The  boiler  tubes  157  in  number  are 
10  feet  11  inches  long,  2^  inches  outside  diameter,  and  they  clear 
one  another  by  -56  inch.  These  proportions  would  in  the  writer's 
opinion  be  improved  by  reducing  the  tubes  to  2  inches  diameter 
with  increased  clearance ;  and  the  reduction  of  heating  aurface  would 
be  amply  compensated  by  the  increase4  facility  for  circulation  of  the 
water  and  steam  between  the  tubes. 

The  total  weight  of  the  engine  in  working  order  is  32i  tons, 
which  is  too  great  for  such  an  engine;  21i  tons  are  available  for 
adhesion,  but  very  unequally  divided  between  the  wheels,  ^he  respective 
weights  being 

Leadmg  wheels 11*47  tons. 

Middle'  wheels 12-55    „ 

Trailing  wheels 8*67    „ 

Total  weight    .    82-69    „ 

The  leading  wheels  are  3  feet  7  inches  diameter,  and  the  six  wheels 
of  the  tender  are  3  feet  9  inches  diameter,  only  2  inches  difference  in 
size. 

The  slide  valves  have  only  J  inch  lap,  but  this  is  inadequate  for  a 
16  inch   outside  cylinder,  in  which  there  is  always   more   or  less 
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condensation  of  steam.  The  back  pressure  on  the  piston  at  high 
speeds  must  be  considerable,  as  an  insufficient  lap  prevents  a  full  and 
free  opening  to  the  exhaust,  which  is  required  to  be  greater  for  moist 
than  for  dry  steam.  The  footplate  is  furnished  with  an  awning  frame, 
to  protect  the  engineman  completely  from  the  sun  and  to  ensure  ample 
ventilation:  an  object  of  vital  importance  in  India,  It  is  a  very 
complete  screen,  the  use  of  a  weatherboard  being  unfavourable  for 
ventilation. 

A  Mixed  engine  was  exhibited  by  the  Great  Eastern  Railway, 
minnfactured  by  Messrs.  Robert  Stephenson  and  Co.,  with  six  wheels, 
fonr  coupled,  and  outside  cylinders.  The  framing  has  but  one 
longitudinal  plate  on  each  side  from  end  to  end,  with  inside  bearings 
for  all  the  wheels.  With  17  inch  cylinders  and  6  ft.  1  in.  driving 
wheels,  which  are  more  powerful  than  in  the  East  Indian  engine,  the 
boiler  is  lighter,  having  only  13}  square  feet  of  grate  instead  of 
17  square  feet,  with  a  shallower  firebox  and  a  smaller  barrel.  Hence 
the  total  weight  of  the  engine  is  less,  and  the  weight  is  more  equally 
distributed  on  the  wheels,  the  loads  being 

Leading  wheels  .        .    11*10  tons. 

Middle  wheels         .  .    10*70    „ 

Trailing  wheels       .       •        .    10*05    „ 

Total  weight    .    81-85    „ 


The  leading  wheels  of  3  feet  7  inches  diameter  are  also  very  properly 
nude  uniform  with  the  six  tender  wheels.  The  engine  is  reported 
to  have  run  45,000  miles  without  repairs  ;  for  which  satisfactory  result 
it  is  indebted  to  excellent  design  and  workmanship,  and  no  doubt  also 
to  the  favourable  distribution  of  the  weight,  and  to  the  material  of  the 
tyres,  Erupp's  steel,  which  were  apparently  very  little  worn.  A  pair  of 
tyres  which  had  run  68,000  miles  showed  a  wear  of  only  about  i  inch 
on  the  tread.  Several  of  the  driving  and  trailing  wheel  tyres  of 
engines  of  the  same  class  have  run  60,000  to  70,000  miles  without 
le-tnming.  The  duration  of  these  steel  tyres  is  estimated  at  100,000 
miles  on  the  leading  wheels,  and  150,000  miles  on  the  middle  and 
trailing  wheels ;  but  none  have  yet  been  worn  out. 
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The  barrel  of  the  boiler  is  8  feet  10  inches  diameter,  and  has 
192  tubes,  11  inches  diameter,  with  *62  inch  clearance;  which  are  fsdr 
proportions.  The  firebox  is  fitted  for  burning  coal,  with  a  door 
deflector  and  jets  of  steam  from  the  sides  of  the  firebox.  The  slide 
valves  have  14  inch  lap,  with  5)  inches  travel  in  full  gear:  very 
suitable  proportions  for  outside  cylinders  as  before  observed,  for^uick 
running  and  free  exhaust. 

Engines  of  this  class  are  stated  to  work  passenger  trains  averaging 
16)  carriages,  maximum  load  85  carriages,  at  an  average  speed 
of  25  miles  an  hour,  consuming  25  lbs.  of  coal  per  train  mile ;  and 
goods  trains  consisting  of  85  wagons,  gross  weight  800  tons,  at  an 
average  speed  of  20  miles  an  hour,  consuming  80  lbs.  of  coal  per 
train  mile. 

Of  the  Tank  locomotives  the  largest  is  that  exhibited  and 
manufactured  by  Messrs.  G.  England  and  Co.,  weighing  17  tons  in 
working  trim.  It  was  designed  for  branch  lines,  and  has  six  wheels 
with  a  10  feet  wheel  base,  four  coupled  wheels  of  4  feet  diameter,  and 
cylinders  1 1  inches  diameter.  It  is  neatly  arranged,  with  two  tanks 
to  hold  520  gallons  very  conveniently  placed  on  the  footplate,  one  on 
each  side,  enclosed  out  of  view  by  a  fence  carried  nearly  from  end  to 
end  of  the  engine.  Of  the  weight,  which  is  equally  divided  on  the 
axles,  two  thirds  is  available  for  adhesion.  There  are  158  boiler 
tubes,  12  inch  diameter,  with  *50  inch  clearance,  the  boiler  barrel 
being  8  feet  8  inches  diameter. 

A  neat  compact  and  serviceable  little  Tank  engine  was  exhibited 
and  manufactured  by  Messrs.  Manning  Wardle  and  Co.,  specially 
adapted  and  extensively  used  for  collieries,  ironworks,  and  public  works. 
This  engine  was  employed  at  the  Exhibition  under  the  author's 
superintendence  in  conveying  the  machinery  on  trucks  from  the 
unloading  cranes  to  its  destination  in  the  western  annex  along  lines  of 
rails  laid  down  for  the  purpose ;  a  duty  in  which  it  was  of  essential 
service.  It  has  9  inch  outside  cylinders,  and  four  wheels  coupled  of 
2  feet  9  inches  diameter,  on  a  wheel  base  of  4  feet  9  inches.  The  area 
of  firegrate  is  nearly  5  square  feet ;  and  the  boiler  has  ^55  tubes, 
2  inches  diameter,  with  '69  inch  clearance,  whicK  is  amply  sufficient 
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for  ciictilmtion.  The  weight  in  working  trim  is  IO4  tons,  equally 
distribnted  over  the  two  pairs  of  wheels.  The  water  tank  is  placed 
upon  the  barrel  of  the  boiler,  and  holds  252  gallons.  The  coke  boxes 
hold  7i  cwts.  Gifiard's  injector  is  employed.  With  a  working 
pressore  of  120  lbs.  per  sqnare  inch  in  the  boiler,  the  exhibitors 
issQine  an  effectiTe  mean  pressure  of  60  lbs.  in  the  cylinders,  which 
appears  too  low  but  errs  on  the  safe  side ;  upon  this  they  estimate  the 
extreme  tractive  power  as  equal  to  moving  206  tons,  but  the  actual 
power  of  the  engine  is  no  doubt  greater. 

The  last  and  the  smallest  locomotive  exhibited  in  the  English 
section  is  a  Tank  engine  for  ironworks  and  collieries  in  South  Wales, 
maDo&ctnred  by  the  Neath  Abbey  Iron  Go.,  for  a  gauge  of  2  feet 
8  inches,  with  8  inch  cylinders  and  four  coupled  cast  iron  wheels 
of  2  feet  4  inches  diameter,  4  feet  apart  centre  to  centre.  The  centre 
of  the  boiler  is  only  2  feet  above  the  rails.  The  boiler  has  3)  square 
feet  of  grate,  and  59  tubes,  1^  inch  diameter  and  6  feet  long,  giving  a 
total  heating  surface  of  181  square  feet ;  the  gross  weight  in  working 
order  is  6*85  tons.  The  tank  is  on  the  back  of  the  boiler.  The 
engine  is  carried  on  volute  springs.  .  The  engines  employed  in  the 
Neath  Abbey  Works  have  a  run  of  nearly  one  mile,  with  gradients 
varying  chiefly  from  1  in  15  to  1  in  26,  with  a  small  portion  1  in  100 ; 
tiiey  take  the  return  empty  wagons  up  the  incline  to  the  coal  pits, 
the  full  ones  going  down  by  themselves.  With  80  lbs.  pressure 
of  steam  the  regular  duty  of  the  engine  is  to  take  up  16  empty  wagons 
or  terns,  weighing  altogether  6-45  tons  or  nearly  the  weight  of  the 
engine  itself,  in  7  minutes,  or  at  the  rate  of  8  miles  an  hour.  With 
66  lbs.  steam  it  can  take  up  at  the  same  speed  12  wagons  weighing 
4-50  tons. 


Foreign  Locomotives. — The  Foreign  locomotives  exhibited  were  all 
made  for  the  English  4  ft.  8)  ins.  gauge. 

The  French  department  contained  examples  and  designs  of  various 
classes  of  engines,  some  of  them  not  known  in  this  country.  The 
first  is  an  ordinary  Passenger  engine  exhibited  and  made  by  the 
Orleans  Railway.      It  has  outside  cylinders,  with  the  valves  and 
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valve  gear  outside  the  cylinders  and  crank  pins.  The  firebox  is 
constructed  for  burning  coal,  with  a  long  sloping  grate,  and  a 
transverse  water  partition  or  midfeather  across  the  firebox,  above  and 
nearly  parallel  to  the  grate,  extending  backwards  from  the  tube  plate 
and  similar  in  position  to  the  firebrick  arch  used  in  English  engines, 
60  as  to  deflect  the  flame  towards  the  firedoor  and  cause  it  to  meet  the 
air  admitted  there.  These  are  merely  varieties  of  English  practice : 
but  the  outside  gearing  is  objectionable,  for  besides  being  exposed  to 
accident  the  play  of  the  parts  arising  from  wear  injuriously  affects  the 
working  of  the  valves  in  regulating  the  distribution  of  the  steam,  to  a 
much  greater  extent  than  when  the  valve  gear  is  inside  the  wheels. 
Giffard^s  injector  is  applied,  the  construction  being  simplified  by 
omitting  the  mechanism  for  varying  the  supply  of  water.  The  axles 
are  lubricated  from  below  by  means  of  cotton  stumps,  which  lift  the  oil 
by  capillary  attraction  from  a  reservoir  in  the  bottom  of  the  axlebox. 

A  six-wheel-coupled  Goods  engine  for  the  Orleans  Railway  was 
exhibited  and  made  by  Messrs.  Gail  and  Go.  It  has  inside  cylinders, 
with  5  ft.  wheels  and  a  wheel  base  of  11  feet  4  inches.  It  had  already 
run  13,000  miles  on  the  central  division  of  the  railway,  where  the 
curves  are  numerous  and  sharp  and  the  inclines  steep.  The  fore  and 
hind  axleboxes  have  i  inch  play  transversely,  and  are  held  taut  by 
springs  acting  horizontally,  which  tend  to  restore  them  to  their 
central  position.  The  wheels  are  solid  wrought  iron,  of  excellent 
workmanship,  welded  at  two  heats  on  ArbePs  plan.  The  ilm  is 
forged  in  segments,  the  nave  in  two  circular  halves,  and  the  spokes 
are  let  into  the  rim  segments  and  the  two  halves  of  the  nave.  The 
whole  is  clamped  together,  heated  in  a  furnace,  brought  out  and 
placed  under  a  large  hammer  with  suitable  dies  the  size  of  the  wheel, 
and  welded  on  one  side.  The  partially  formed  wheel  is  again  heated, 
and  welded  complete  on  the  other  side.  A  first-rate  piece  of  work 
can  be  done  by  this  process.  The  counterweights  are  welded  to  the 
rim  and  spokes  of  the  wheels.  The  connecting  and  coupling  rods  are 
of  cast  steel. 

The  Northern  Rtolway  of  Prance  exhibited  the  <<  Dromadaire" 
heavy  Tank  engine,  shown  in  Figs.  5,  6,  and  7,  Plates  22  and  23.   The 
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object  specially  aimed  at  in  this  engine  was  to  obtain  a  considerable 
supply  of  steam  and  great  tractiye  power,  in  combination  with  the 
smallest  possible  weight.  For  this  purpose  the  firebox,  as  shown  in 
the  transYerse  section,  Fig.  6,  Plate  23,  is  placed  above  the  wheels 
and  frame  plates,  in  order  to  allow  of  greater  width,  a  larger  grate, 
and  more  tnbes  than  when  at  the  nsnal  level,  without  lengthening  the 
boiler.  Eleven  snch  engines  are  at  work  on  the  Northern  Railway  of 
France,  bartiing  coal  slack.  The  roof  of  the  firebox  and  its  shell  are 
flat  snd  parallel,  and  stayed  together  like  the  sides.  Fig.  6.  The 
steam  space  in  the  barrel  is  reduced  to  make  room  for  the  tubes,  and 
is  supplemented  by  a  tubular  steam  chamber  A  above  the  boiler,  as 
shown  in  the  transverse  section.  Fig.  7,  containing  19  iron  tubes, 
3)  inches  outside  diameter  and  J  inch  thick,  giving  129  square  feet  of 
dijing  surface,  which  is  not  included  in  the  total  heating  surface 
of  1667  square  feet  stated  in  the  table  appended ;  through  these  tubes 
and  also  round  the  steam  chamber  the  heated  gases  from  the  smokebox 
pass  back  to  the  chimney  B  for  drying  the  steam.  The  chimney  £  is 
laid  horizontally,  in  continuation  of  the  annular  space  which  surrounds 
the  steam  chamber  A,  since  the  great  elevation  of  the  boiler,  nearly 
8  feet  from  the  rails  to  the  centre  of  the  barrel,  prevents  the  chimney 
being  placed  vertically  with  sufficient  length. 

This  heavy-gradient'  locomotive  has  eight  wheels,  3  feet  6  inches 
diameter,  all  coupled,  on  a  base  12  feet  6  inches  long ;  and  two 
cylinders,  18*9  inches  diameter  and  18*9  inches  stroke.  It  has 
28  square  feet  of  grate,  and  a  total  heating  surface  of  1667  square 
feet,  having  356  tubes  of  1-^  inch  diameter.  The  engine  weighs  in 
working  order  42*1  tons,  equally  distributed,  giving  10  to  11  tons 
load  on  each  pair  of  wheels. 

A  drawing  was  also  exhibited  of  the  Passenger  Tank  engines  for 
heavy  gradients  working  on  the  Northern  Bailway  of  France,  in  which 
the  ordinary  coupling  of  wheels  is  dispensed  with,  and  four  14^  inch 
cylinders  with  13}  inches  stroke  and  5  ft.  3  ins.  wheels  on  two 
independent  axles  [are  employed.  One  pair  of  cylinders  and  wheels 
is  placed  at  each  end  of  the  engine,  with  small  intermediate  carrying 
wheels  3  feet  6  inches  diameter,  on  a  wheel  base  of  17  feet  total 
length. 
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A  second  drawing  was  shown  of  the  four-cylinder  Goods  Tank 
engines  employed  on  the  same  railway,  with  six  pair  of  wheels 
8  feet  6  inches  diameter,  coupled  in  two  sets  of  three,  each  pair  of 
cylinders  working  three  pairs  of  coupled  wheels :  the  wheel  base  is 
19  feet  8  inches  long,  and  the  fore  and  hind  axleboxes  have  1|  inch 
play  transTcrsely  to  admit  of  running  round  quick  curres  of  600  feet 
radius.  The  cylinders  are  16}  inches  diameter  with  174  inches  stroke, 
and  the  boiler  contains  464  tubes  1-^  inch  diameter.  TBe  weight  of 
the  engine  is  41  tons  empty,  and  57  tons  full,  equally  distributed, 
giving  9  to  10  tons  on  each  pair  of  wheels. 

In  the  ''  Dromadaire  "  and  the  two  other  kinds  of  engine  exhibited 
in  drawings  by  the  Northern  Railway,  the  cylinders  are  outside,  and  the 
valve  gearing  outside  them  and  overhung,  which  is,  as  already  remarked, 
the  most  unfavourable  position  of  gearing  for  continued  accuracy  of 
working.  The  weight  of  these  engines  is  top-heavy ;  and  for  a  run  of 
230  miles,  the  length  of  the  line,  they  cannot  well  be  worked  with  safety 
at  the  occasional  high  speeds  demanded  by  a  large  traffic  on  a  long  line. 
The  calculations  of  the  capacity  of  the  engines  have  been  based  on 
heating  surface  as  such,  which  has  been  assumed  to  be  synonymous 
with  evaporative  power.  It  must  be  remarked  however  that  there 
is  only  -44  inch  clear  space  between  the  356  tubes  of  the 
*' Dromadaire,^'  and  only  -56  inch  between  the  464  tubes  of  the 
four-cylinder  goods  engine  r  proportions  utterly  inadequate  to  maintain 
an  effective  circulation  and  evaporating  action  on  every  unit  of  surface. 
There  can  be  no  doubt  that  half  the  number  of  tubes  properly  placed 
wonld  have  answered  the  purpose  decidedly  better.  The  best  thing 
about  these  engines  is  the  uniform  distribution  of  the  weight,  giving 
great  tractive  power  without  distressing  the  road  on  the  straight 
portions  ;  but  the  wheel  base  is  impracticably  long  in  the  four-cylinder 
engines,  and  must  greatly  strain  the  engine  and  road  as  well  as  add 
to  the  resistance  on  sharp  curves.  The  proportion  of  the  tractive 
power,  taking  the  effective  mean  pressure  in  the  cylinders  at  80  per 
cent,  of  the  boiler  pressure  for  low  speeds,  is  about  one  sixth  of  the 
weight  for  adhesion ;  which  is  a  fair  proportion  and  utilises  the 
immense  weight  of  the  engine. 
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The  designs  of  ah  '^  articulated  '*  Tank  locomotive  of  great  power, 
like  what  is  known  in  England  as  a  bogie  engine,  are  exhibited  in 
the  French  department  by  Messrs.  Meyer  of  Vienna,  one  of  whom 
is  the  inventor  of  the  well  known  variable  expansion  gear.  On 
many  railways  an  adhesion  weight  of  40  tons  has  now  become 
uunfficient,  and  the  necessity  for  constmcting  railways  cheaply  has  led 
to  the  adoption  of  steep  gradients  and  quick  curves ;  so  that  the 
engines  adafkted  to  work  these  lines  must  have  in  certain  cases  50,  60, 
sad  even  80  tons  adhesion  weight,  with  the  means  of  bending  or  fitting 
the  engine  to  the  curves,  since  the  practice  of  using  assistant  engines 
or  separating  the  trains  into  two  or  more  parts  in  particular  situations 
is  objected  to  as  inconvenient  and  cosily.  This  engine  has  a  single 
long  boiler  of  large  dimensions,  as  shown  in  the  side  elevation, 
Fig.  8,  Plate  24,  mounted  on  two  separate  carriages,  with  a 
swivelling  connexion,  each  having  its  own  separate  pair  of  cylinders 
working  six  coupled  wheels  placed  near  together ;  so  that  the  engine, 
slthough  of  great  total  length,  could  readily  pass  round  very  sharp 
corves,  whilst  the  whole  of  the  weight  is  made  available  for  driving 
adhenon. 

The  boiler  rests  on  the  front  bogie  frame  by  a  hollow  ball-and-socket 
pivot  C  at  the  centre  over  the  middle  axle,  as  seen  in  the  longitudinal 
section.  Fig.  9,  Plate  24,  and  the  sectional  plan.  Fig.  10,  Plate  25  ; 
snd  on  the  back  bogie  frame  by  two  hemispherical  bearings  DD  on  the 
frame,  one  on  each  side  of  the  firebox,  as  seen  in  the  side  elevation, 
¥ig.  8,  and  the  plan,  Fig.  10.  The  boiler  thus  rests  on  three  points, 
whilst  the  two  bogie  frames  are  eadbi  free  to  follow  the  curves  and 
irregularities  of  the  road  by  swivelling  under  the  boiler,  as  shown  by 
Ihe  second  plan,  Fig.  11,  which  represents  the  engine  on  a  sharp 
carve,  the  centre  line  of  the  boiler  being  indicated  by  the  strong  dotted 
line  E.  The  hemispherical  bearings  DD  at  the  sides  of  the  firebox 
We  a  limited  play,  sliding  fore  and  aft  to  suit  the  changing  position 
of  tiie  boiler  relatively  to  the  hind  bogie  frame.  The  middle  pair  of 
wheels  in  each  bogie  have  a  considerable  amount  of  transverse  play 
•Hewed  them,  go  as  to  move  laterally  in  running  round  sharp  curves, 
•a  leen  in  the  plan,  Fig.  11.  The  two  bogie  frames  are  connected  by 
*  nagle  strong  coupling  rod  F,  having  spherical  bearings  at  each  end. 
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The  whole  of  the  cylinders,  valves,  and  other  mechanism  is  ontside  the 
wheels.  The  steam  from  the  boiler  is  conveyed  to  the  two  pairs  of 
cylinders  by  the  connecting  pipes  G  with  flexible  joints,  shown  in  the 
side  elevation,  Fig.  8,  and  transverse  section.  Fig.  12;  and  the 
exhaust  steam  from  both  pairs  of  cylinders  is  carried  up  into  the 
smokebox  by  the  exhaust  pipe  H  through  the  centre  of  the  hollow 
pivot  C,  Fig.  9,  the  exhaust  from  the  hind  bogie  communicating  with 
that  of  the  front  by  means  of  the  flexible  connexion  I,  Fi^s.  9  and  11. 

The  distribution  of  weight  on  the  two  bogie  frames  is  such  that  the 
centre  of  gravity  of  each  of  the  two  portions  of  the  load  is  at  the  centre 
axle.  The  water  tanks  JJ  are  in  front,  and  the  coal  boxes  E  behind, 
Figs.  8  and  9,  Plate  24.  The  total  weight  of  60  tons  is  available 
for  adhesion,  10  tons  on  each  axle.  Each  bogie  frame  stands  on  a 
wheel  base  of  8  feet  6  inches,  and  the  centres  of  the  two  bogies  are 
22  feet  apart.  The  wheels  are  8  feet  10  inches  diameter,  and  the 
cylinders  17^  inches  diameter  with  19i  inches  stroke.  The  tractiTe 
power  is  estimated  at  22000  lbs.,  nearly  one  sixth  of  the  weight,  so 
as  to  take  a  gross  weight  of  2300  tons  including  the  engine  at 
10  miles  an  hour  on  a  level ;  and  840  tons  up  an  incline  of  1  in  40 
or  155  tons  up  1  in  17  at  the  same  speed. 

This  plan  of  locomotive  affords  in  the  writer's  opinion  the  most 
satisfactory  solution  yet  given  of  the  problem  of  obtaining  a  goods 
engine  of  maximum  power.  With  independent  bogie  frames,  each 
having  its  own  separate  pair  of  steam  cylinders,  a  mass  of  coupling 
rods  and  parallel  motions  is  got  rid  of,  and  the  resistance  of  the  engine 
is  materially  reduced  in  its  working  parts  and  in  passing  along  curves, 
leaving  an  important  balance  of  power  for  useful  work. 

In  the  Belgian  department  is  one  six- wheel- coupled  inside  cylinder 
Goods  engine  for  the  Belgian  State  Railway,  made  and  exhibited  by 
the  Society  Anonyme  de  Gouillet.  This  en^ne  is  shown  in  side 
elevation  in  Fig.  13,  Plate  26.  The  firebox,  shown  in  longitudinal 
section  in  Fig.  14,  is  a  reproduction  of  the  English  one  previously 
described  in  the  Chatham  and  Dover  engine,  with  a  long  inclined  grate, 
but  without  the  longitudinal  water  partition.  This  firebox  affords  the 
same  advantage  in  admitting  the  hind  axle  below  it,  giving  a  moderate 
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wheel  base,  in    this   instance  13  feet  1  inch;    and  equalising  the 
distribation  of  the  weight  on  the  wheels,  the  loads  being  as  follows  : — 

Leading  wheelB       .        •  11*00  tons. 

Middle  wheels  .        .     11-45    „ 

Trailing  wheels       .  .     11*00    „ 

Total  weight    .    83 -45    „ 

The  connexion  of  the  machinery  and  framing  in  this  engine  is 
in  tike  writcAr's  opinion  radically  wrong.  The  three  axles  each  have  two 
cotside  bearings,  carried  by  two  single  outside  frame  plates  ;  and  the 
cranked  axle  has  only  one  additional  bearing  Ai  inches  long,  placed  in 
the  centre  between  the  cranks.  This  single  narrow  bearing  compressed 
between  the  two  cranks  most  receive  the  entire  fore  and  aft  strain  of 
the  steam  pressure;  whilst  the  outside  bearings  more  than  6  feet 
aptrt  are  7  inches  long,  and  can  receive  very  little  of  the  fore  and 
aft  thmst  and  pull  while  the  middle  bearing  is  new.  But  as  the 
middle  bearing  must  prematurely  wear  loose,  the  greater  part  of  this 
strain  will  then  be  thrown  upon  the  outer  bearings  6  feet  apart ;  and 
this,  acting  in  addition  to  the  strain  arising  from  the  loads  on  the 
bearings  outside,  will  be  likely  to  break  the  axle.  Again  the  fastening 
of  the  cylinders  to  the  frame  is  effected  through  the  valve  chests, 
which  are  exterior  to  the  cylinders,  in  two  castings  spanning  the  space 
of  6  feet  between  the  frame  plates :  an  arrangement  which,  unless  the 
cylinder  castings  are  made  exceedingly  strong  and  heavy,  will  likewise 
overstrain  and  break  the  connexions.  On  the  other  hand  by  devoting 
to  the  valve  gear  and  eccentrics  the  space  on  the  cranked  axle  that  is 
usmdly  occupied  by  the  inside  bearings,  the  valve  motion  is  very 
conveniently  accommodated ;  and  probably  this  slight  advantage  was 
Ihe  inducement  to  depart  from  the  usual  and  indispensable  application 
of  inside  bearings  at  the  wheels. 

The  Austrian  State  Railway  exhibited  a  Passenger  Express  engine, 
the  "  Duplex,"  shown  in  Pigs.  15  and  16,  Plates  27  and  28,  having  four 
cylinders  and  four  cranks  on  a  single  driving  axle,  specially  designed 
for  steady  running  at  high  speeds.  The  usual  counterweights  in  the 
dri'ving  wheels  are  here  superseded  and  the  reciprocating  and  working 
parts  are  made  to  balance  each  other  by  placing  a  pair  of  outside 


Digitized  by  VjOOQ  IC 


98  LOCOMOTIVES    IN    EXHIBITION    1862. 

cylinders  L  L  side  by  side  and  connecting  them  to  a  crank  and  return 
crank  M,  Fig.  16,  opposed  to  each  other,  on  each  side  of  the  engine ; 
so  that  the  two  pistons  on  each  side  and  all  their  connexions  moye  in 
contrary  directions  and  balance  each  other*is  inertia.  The  cylinders  LL, 
shown  enlarged  in  Figs.  17,  18,  and  19,  are  lOJ  inches  diameter, 
with  24 J  inches  stroke,  and  6  ft.  9  ins.  driving  wheels. 

There  can  be  no  question  that  this  system  is  perfectly  successful  in 
effecting  the  object  in  view  ;  and  had  it  been  brought  out  twenty  years 
ago,  it  would  no  doubt  have  been  highly  appreciated.  But  as  the 
balancing  of  engines  with  two  cylinders  has  for  the  last  ten  years 
been  completely  accomplished  for  all  practical  purposes  by  means  of 
counterweights,  the  use  of  four  cylinders  as  in  this  engine  is  not  likely 
now  to  become  popular ;  unless  indeed  railway  companies  in  the  race  of 
competition  should  aim  at  excessive  speeds  of  80  or  100  miles  an  hour. 

The  Austrian  State  Railway  also  exhibited  the  **  Steierdorf,"  a 
heavy  Tank  engine  with  five  coupled  axles,  shown  in  side  elevation  and 
plan  in  Figs.  20  and  21,  Plates  29  and  30.  The  boiler  rests  on  two 
frames  coupled  together  by  a  pivot  bolt  N.  The  steam  cylinders  L  are 
fixed  on  the  front  frame,  and  the  tank  J  on  the  ];Lind  frame  ;  and  the 
three  pairs  of  wheels  of  the  front  frame  are  coupled  to  the  two  pairs 
of  the  hind  frame  by  means  of  an  intermediate  shaft  0  and  radiating 
parallel  motion  P,  shown  enlarged  in  the  transverse  section,  Fig.  22, 
Plate  31.  This  intermediate  shaft  O  is  ingeniously  contrived  to 
adapt  itself  to  the  varying  angularity  of  the  hind  frame  on  curves, 
and  at  the  same  time  to  continue  to  transmit  the  power  from  the  first 
to  the  second  frame,  as  shown  by  the  plan,  Fig.  23,  Plate  31, 
representing  the  position  of  the  several  coupling  rods  when  the  engine 
is  on  a  curve.  The  intermediate  shaft  O  has  overhung  cranks  on  each 
end  and  is  carried  on  spherical  bearings  by  the  distance  pieces  R, 
Fig.  22,  on  the  front  axle  S  of  the  hind  frame  ;  it  is  also  kept  at  a 
constant  distance  from  the  hind  axle  T  of  the  front  frame  by  the 
distance  links  U,  Fig.  20,  having  spherical  bearings  at  both  ends ;  and 
the  cranks  of  the  intermediate  shaft  O  are  connected  to  those  of  the 
axles  S  and  T  by  the  coupling  rods  V  and  P,  all  of  which  have  spherical 
bearings  at  both  ends.    The  relative  positions  of  the  three  axles  being 
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thns  fixed,  the  power  is  transmitted  from  the  hind  or  driving  axle  T  of 
the  front  frame,  through  the  coupling  rods  P  to  the  cranks  on  the 
intermediate  shaft  O,  thence  hy  the  coupling  rods  V  to  the  outside 
cranks  on  the  front  axle  6  of  the  hind  frame,  and  further  by  coupling 
rods  to  the  hindmost  axle.  The  wheels  are  3  feet  3^^  inches  diameter, 
the  cylinders  18  J  inches  diameter  with  24|  inches  stroke,  and  the  total 
weight  in  working  order  is  46  'tons.  The  firebox  made  for  burning 
coke  has  15  square  feet  of  grate  ;  and  the  boiler  contains  158  tubes 
2^  inches  diameter,  with  -69  inch  clear  space  between  them. 

In  the  Prussian  department  one  engine  was  exhibited  by  Mr.  A. 
Borsig  of  Berlin.  It  was  a  six- wheel  four-coupled  engine,  with  outside 
cylinders  17  inches  diameter  by  22  inches  stroke,  and  driving  wheels 
of  4  feet  6  inches  diameter,  the  hind  wheels  being  coupled,  and  all  the 
ailes  being  between  the  firebox  and  smokebox.  This  type  of  engine 
is  exclusively  employed  on  the  Minden  and  Cologne  Railway  for 
mixed  and  goods  trains ;  and  also  on  many  other  German  railways. 
The  free  use  of  steel  in  the  construction  of  this  engine  confers  on  it 
an  air  of  lightness,  perhaps  too  great  lightness,  which  contrasts 
strongly  with  the  heaviness  of  the  tender. 

The  proportions  of  the  'boiler  are  good ;  and  this  circumstance, 
in  addition  to  the  very  excellent  and  well  jfinished  work,  may  account 
for  the  popularity  of  that  class  of  engine :  but  it  has  some  grave 
defects  which  must  detract  from  its  usefulness.  The  suspended  weight 
is  carried  on  three  points,  by  a  cross  spring  over  the  leading  axle  and 
compensating  or  equalising  levers  connecting  the  -springs  of  the  two 
driring  axles  on  each  side  of  the  engine.  This  notion  of  a  triangular 
elastic  bearing  with  the  apex  in  front,  much  thought  of  at  one  time, 
is  now  nearly  ^discarded  in  England;  on  account  of  its  giving  the 
engine  a  dangerous  freedom  of  movement  at  high  speeds. 

The  cylinders  are  fitted  with  double  valves  for  variable  expansion, 
the  expansion  valve  being  on  the  back  of  the  other,  with  a  central 
passage  for  steam  through  it :  the  lower  or  leading  valve  is  worked 
by  a  link  motion  in  the  usual  manner ;  and  the  upper  valve  by  a 
Kpar&te  rod  from  the  fore  eccentric  working  in  a  grooved  sector,  from 
which  a  variable  travel  and  cut-off  are  communicated  to  the  valve. 
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The  steam  port  opens  for  the  exhaust  at  90  per  cent,  of  the  stroke  for 
all  degrees  of  expansion,  and  is  only  opened  8-8ths  inch  for  the 
exhaust  when  the  piston  arrives  at  the  end  of  the  stroke ;  and  as  the 
steam  ports  are  very  small  in  area,  each  being  only  l-20th  the  area  of 
the  piston,  there  can  be  no  doubt  the  back  pressure  is  very  considerable 
in  consequence,  and  more  particularly  with  an  outside  cooling  cylinder. 
For  a  17i  inch  outside  cylinder  in  the  Caledonian  engine  previously 
described  the  area  of  steam  port  provided  is  1-1 1th  that  of  the  piston, 
whilst  the  valve  is  open  full  port  for  the  exhaust  when  the  piston 
reaches  the  end  of  the  stroke.  Moreover  it  is  not  good  practice  to 
keep  the  same  point  of  the  stroke  for  the  exhaust  under  all  degrees  of 
expansion ;  high  expansive  working  usually  accompanies  high  speeds, 
and  therefore  the  exhaust  should  be  made  to  open  earlier  in  the  course 
of  the  stroke  for  the  higher  grades  of  cut-off,  in  order  to  give  the 
steam  greater  liberty  for  escape  before  the  piston  returns  upon  it. 
These  conditions  of  the  good  working  of  steam  are  comprehended 
in  Stephenson's  expansion  link  motion,  and  are  now  thoroughly 
appreciated  and  established  in  English  practice;  and  the  other 
attempts  at  expansive  valve  motion  for  locomotives  have  been 
abandoned  in  this  country. 

In  employing  steel  for  the  working  parts  of  this  engine,  such  as 
the  piston  rods,  the  connecting  and  coupling  rods,  and  the  crank  pins, 
the  dimensions  of  the  wearing  surfaces  have  in  some  cases  been 
reduced.  The  bearings  of  the  coupling  rods  are  reduced  in  proportion 
to  the  size  of  the  rods ;  though  it  is  reasonable  that  as  the  strains 
remain  the  same  the  sizes  of  the  wearing  surfaces  should  not  be 
altered.     The  axleboxes  are  of  wrought  iron. 

In  the  Saxon  department  a  six-whe^  four-coupled  engine  was 
exhibited  by  Mr.  E.  Hartmann  of  Chemnitz,  specially  designed  to  work 
in  mountainous  districts.  It  is  in  fact  a  bogie  engine,  having  four 
coupled  wheels  4  feet  6  inches  diameter  with  21  tons  on  them  for 
adhesion,  and  a  swivelling  truck  on  BisselPs  plan  in  front  with  7  tons 
load,  making  a  total  of  28  tons.  The  cylinders  are  15  inches  diameter 
by  22  inches  stroke ;  and  are  outside,  with  outside  valve  gearing,  as  is  so 
prevalent  a  custom  on  the  continent.   The  framing  has  two  longitudinal 
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plates  6  inches  deep  and  1}  inch  thick,  to  which  the  cylinders  are  fixed, 
with  16  inches  of  overhang.  This  is  an  excessive  overhang  npon  so 
narrow  a  firame  plate,  and  the  valve  gear  being  still  further  overhung  the 
valve  hops  about  at  every  stroke  as  the  axleboxes  wear.  Overhung 
eecentrics  for  valve  gear  outside  the  crank  pin  never  do  well  for  heavy 
work  in  consequence  of  the  unsteadiness.  The  best  feature  in  this 
engine  is  the  swivelling  truck  with  a  triangular  frame,  which  carries 
the  fore  part  of  the  engine  on  one  pair  of  wheels  with  a  limited  but 
sufficient  allowance  of  lateral  play,  and  radiates  on  a  pivot  behind  it 
fixed  under  the  boiler.  With  a  flexible  wheel  base  only  11  feet 
9  inches  long  there  is  no  doubt  that  in  this  engine  and  in  others  of 
ordinary  size  the  Bissell  truck  is  well  adapted  for  leading  round  the 
quickest  curves  likely  to  be  found  in  practice. 

In  the  Italian  department  an  inside  cylinder  six-wheel-coupled 
loeomotive  is  exhibited  from  the  Pietrarsa  Royal  Works,  Naples, 
which  is  a  creditable  specimen  of  the  old  school  of  locomotive. 


Oeneral  Conclusions, — It  appears  that  the  requirements  of 
continental  railway  traffic  have  demanded  a  greater  variety  of 
locomotive  engines  than  has  been  found  necessary  in  this  country. 
Trains  there  are  heavier  ;  speeds  are  lower ;  and,  more  important 
than  all,  inclines  are  steeper.  Whilst  therefore  the  marks  of  progress 
in  English  engines  are  to  be  found  mainly  in  refinements  upon  the 
oiiginal  types.  Foreign  engineers  have  discarded  our  traditionary  types 
and  have  originated  novelties  in  every  direction.  In  England 
engineers  have  arrived  at  higher  speeds,  with  more  powerful  boilers 
ud  increased  driving  or  adhesion  weight* 

The  means  of  satisfaiQtorily  balancing  the  reciprocating  and 
nrolving  machinery,  the  want  of  which  was  previously  the  bane  of  the 
GQtside  cylinder  engine,  by  counterweighting  the  wheels  and  steadying 
the  engine,  have  been  discovered  and  carried  into  practice  since  1851 ; 
10  that  the  outside  cylinder  engine  properly  balanced  now  runs  even 
more  steadily  than  the  inside  cylinder  engine.  Outside  cylinders  have 
conaeqnenUy  been  employed  for  high  speed  and  other  duty  with  complete 
tvooess :  they  have  not  however  been  employed  for  the  heaviest  work. 
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The  inside  cylinder  is  generally  retained  for  six-wheel-coapled  goods 
engines,  and  is  not  likely  to  give  T?ay  to  the  outside  cylinder  for  that 
class  of  work,  on  account  of  the  objectionahle  construction  involved 
by  outside  connecting  rods  combined  with  outside  coupling  rods 
for  all  the  wheels.  But  for  passenger  traffic  with  four  coupled  wheels, 
and  the  lighter  traffic  of  collieries  and  other  private  establishments, 
the  outside  cylinder  is  well  suited  and  is  extensively  applied.  It  is 
however  to  be  explained  that  the  advantage  of  the  six -wheel -coupled 
engine  is  limited  to  the  old  and  the  comparatively  straight  lines 
of  railway,  on  which  the  destruction  of  cranked  axles  is  not  rapid  and 
the  wear  and  tear  of  tyres  not  severe.  For  lines  with  the  prevailing 
sharper  curves  the  four-wheel-coupled  outside  cylinder  engine 
surpasses  in  efficiency  and  economy  the  six -wheel-coupled  engine, 
running  on  curves  with  greater  facility,  utilising  the  adhesion  weight 
better,  and  being  subject  to  less  wear.  Hence  the  six- wheel-coupled 
engine  with  inside  cylinders  is  to  be  found  chiefly  on  the  older  and 
straighter  lines.  On  the  contrary  the  outside  cylinders  and  the 
single  and  four-coupled  driving  wheels  are  to  be  found  generally 
on  the  newer  lines  that  have  many  quick  curves. 

In  England  the  use  of  more  than  six  coupled  wheels  in  one  engine 
has  been  avoided;  three  wheels  coupled  in  one  line  are  found 
sufficiently  powerful  and  sufficiently  troublesome,  and  it  is  preferred 
to  supplement  the  power  when  necessary  with  an  additional  engine. 
On  the  continent  however  great  efforts  have  been  made  to  construct  an 
efficient  engine  with  great  tractive* force  and  enormous  weight  for 
adhesion,  to  ascend  long  and  heavy  inclines  peculiar  to  mountainous 
districts.  The  subdivision  and  disposition  of  the  weight  in  moderate 
loads  on  the  rails  has  been  effected  with  ease  by  distributing  it  over 
a  sufficient  number  of  wheels  and  axles.  But  the  most  important 
part  of  the  problem  has  been  to  reconcile  the  unavoidable  extension  of 
wheel  base  in  a  straight  line  with  the  excessive  curvature  of  the 
railways  ;  for  naturally,  though  unfortunately,  heavy  gradients  and 
quick  curves  are  generally  to  be  found  in  company. 

The  system  adopted  on  the  Northern  Railway  of  France,  as  shown 
in  the  side  elevation  of  the  **  Dromadaire,"  Fig.  5,  Plate  22,  must 
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fail  to  answer  (hese  requirements  ;  for  with  a  wheel  base  so  extended 
the  resistance  of  the  engine  itself  mast  absorb  a  great  proportion  of 
tLe  tractJTe  power.  A  flexible  wheel  base  is  indispensable,  and  two 
ordinary  engines  connected  together  would  work  much  more  efficiently 
and  economically  than  the  vast  masses  actually  employed.  The 
opinion  on  the  Northern  Railway  of  France  against  the  use  of  coupling 
rods  in  passenger  engines,  and  the  consequent  substitution  of  two 
independent  pairs  of  driving  wheels  with  independent  cylinders,  must 
appear  to  be  erroneous.  *  The  truth  is  that  for  working  four  driving 
wheels  one  pair  of  cylinders  with  coupling  rods  is  the  best  method  of 
proTiding  adhesion  weight ;  more  especially  since  by  the  use  of  steel 
for  the  tyres  their  excessive  and  unequal  wear  and  the  consequent 
straining  of  the  coupling  rods  are  to  a  great  extent  prevented  :  at  all 
erents  the  wear  of  the  tyres  may  be  regulated  and  equalised,  which 
remoTes  the  only  objection  worth  consideration. 

The  Austrian  plan  of  coupling  over  an  extensive  wheel  base  by  a 
self-acting  radial  adjustment  in  the  **  Steierdorf,"  Plates  29,  30, 
ftnd  31,  is  decidedly  a  better  plan,  and  merits  a  thorough  trial.  Tliere 
is  nevertheless  a  complication  of  mechanism  with  many  rubbing 
surfaces,  liable  to  occasional  overstraining,  from  irregular  play  of  the 
bearings  arising  in  wear  in  transmitting  the  poorer  over  a  long  distance 
through  a  flexible  connexion ;  and  engineers  have  to  look  in  another 
direction  for  a  comprehensive  and  satisfactory  solution  of  the 
problem. 

The  plan  of  Meyer*s  engine  appears  in  the  writer's  opinion  to  be 
the  best  yet  brought  forward  for  distributing  steam  power  over  a 
flexible  train  of  coupled  wheels,  as  shown  in  Plates  24  and  25.  It  is 
based  on  sound  principles,  as  experience  will  no  doubt  prove.  It  is 
known  that  practically  a  locomotive  boiler  with  ordinary  management 
delivers  a  better  supply  of  steam  to  a  given  pair  of  cylinders  fully 
worked  at  a  low  speed  of  piston  than  at  a  high  speed  :  the  steam  blows 
off  from  the  boiler,  and  there  is  plenty  to  spare.  By  making  the  boiler 
a  little  larger  therefore  it  is  justly  reckoned  that  steam  can  be  supplied 
for  four  cylinders  at  a  low  speed,  as  well  as  for  two ;  and  the  train  of 
wheels  is  therefore  divided  into  two  independent  groups  under  the 
boiler,  each  group  free  to  adapt,  itself  to  the  line  of  rails,  and  fitted 
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with  its  own  pair  of  cjliDders  and  the  necessary  coapling  rods,  and 
receiving  a  separate  supply  of  steam  from  the  boiler.  In  short  two 
steam  bogies  are  employed,  which  carry  the  boiler  and  its  accessories 
just  as  a  load  of  timber  is  carried  on  a  couple  of  swivelling  trucks. 

The  abstract  importance  of  heating  surface  appears  to  have 
been  overrated,  particularly  by  foreign  engineers ;  and  the  primaiy 
importance  of  free  passage  for  the  currents  of  water  in  intimate 
contact  with  the  heating  surface,  whether  t>f  the  firebox  or  of  the 
tubes,  has  been  neglected.  The  width  of  the  water  spaces  around  the 
firebox  has  frequently  been  reduced  to  a  minimum  barely  sufficient  to 
preserve  the  plates  from  being  overheated.  The  tubes  have  also  been 
placed  so  near  to  one  another  and  in  such  large  numbers  as  totally 
to  defeat  their  object  of  increasing  the  steam  producing  power  of  the 
boiler,  because  they  have  rendered  it  impossible  for  the  water,  crowded 
with  globules  of  steam,  to  reach  the  surface  of  each  tube  and  become 
evaporated.  Tube  surface  under  such  circumstances  is  ineffective, 
and  ultimately  becomes  mischievous ;  for  the  sediment  deposited  by 
water  in  boilers  will,  if  not  scoured  out,  coat  the  tubes  and  block 
up  the  spaces  between  them  altogether.  The  greatest' number  of  tabes 
known  to  have  been  applied  in  England  is  the  305  tubes  of  the  Great 
Western  express  engine  exhibited  in  1851 «  In  this  engine  the  tubes, 
2  inches  in  diameter,  are  placed  only  *50  inch  apart,  and  are  not 
so  effective  for  evaporation  as  the  tubes  of  some  of  the  earlier  engines 
on  that  line,  which  were  fewer  in  number  but  placed  at  from  '62  to 
1-00  inch  clear  distance  apart.  In  the  English  engines  exhibited 
in  1862  the  greatest  number  of  tubes  was  215  in  Messrs.  Beyer 
Peacock  and  Co.*s  engine  for  the  Portuguese  gauge,  with  -56  inch 
clearance ;  and  214  tubes  in  the  North  Western  inside  cylinder  engine 
with  '50  inch  clearance. 

The  best  English  practice  exhibited  in  reference  to  the  tubes  is  in 
the  writer's  opinion  to  be  found  in  the  North  Western  outside  cylinder 
engine,  the  Caledonian,  and  the  Great  Eastern  engines,  all  of  which 
singularly  enough  have  identically  the  same  proportions;  192  tubes 
of  Ig  inch  diameter  with  '62  inch  clearance,  placed  in  a  barrel  3  feet 
10  inches  inside  diameter.     The  excellence  of  these  proportions  is 
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oonfinned  by  the  yery  satisfactory  performances  of  the  engines  under 
Teiy  different  circmnstances. 

The  greatest  number  of  tubes  exhibited  in  the  Foreign  engines  is 
356  tabes  with  *44  inch  clearance,  in  the  <<  Dromadaire  '*  class  of 
engines  on  the  Northern  Railway  of  France  with  the  4  ft.  8}  ins. 
gange.  The  drawings  of  the  twelye- wheeled  four-cylinder  goods 
engines  employed  on  the  same  railway  show  464  tabes  with  *56  inch 
dearance;  hat  these  proportions  will  undoubtedly  disappoint  the 
expectations  of  the  projectors,  and  the  experience  of  a  few  years  will, 
it  is  presumed,  correct  these  abstract  ideas. 

The  distinction  between  fireboxes  for  burning  coal  and  those  for 
bonung  ooal-slack  should  not  be  overlooked.  For  coal  18  to  15  square 
feet  of  grate  is  sufficient ;  but  for  slack  the  North  Western  inside 
cylinder  engine  has  26  square  feet  of  grate,  and  the  Ohatham  and 
DoTer  engine  27^  square  feet.  The  difference  of  fuel  leads  to  a 
differenee  of  treatment,  inasmuch  as  special  provision  is  made  for  the 
admission  of  air  above  the  fuel  for  burning  coal  in  pieces,  in  addition 
to  the  air  that  passes  through  the  grate.  For  coal-slack  no  such 
provision  is  made ;  the  layer  of  fresh  fuel  is  thin,  and  a  sufficient 
qointity  of  air  is  drawn  through  the  large  surface  of  grate.  At 
the  same  time  the  slack  is  supplied  in  small  quantities,  and  much 
more  frequently  than  coal  in  pieces. 

In  placing  the  machinery  on  the  frame  it  must  be  remarked  that 
the  foreign  engineers  seem  to  have  merely  shown  how  an  inferior 
arrangement  can  be  made  to  do.  Next  to  excessive  amount  of 
heating  surfiMse  their  partiality  is  remarkable  for  overhung  valve 
gearing  upon  outside  cylinders,  which  is  undoubtedly  the  worst 
poesihle  position  for  efficiency  and  handiness  of  the  engines. 

Oiffard's  injectors  have  been  extensively  employed  as  a  substitute 
tot  the  ordinary  feed  pumps ;  and  their  general  adoption  in  locomotive 
engmes  both  in  England  and  on  the  continent  is  an  evidence  of  their 
popularity  and  general  efficiency.  The  only  apparent  objection  to  the 
use  of  the  injector  is  its  inability  to  deliver  heated  water  at  a 
temperatnre  of  more  than  120  degrees  Fahr. ;  this  prevents  the  use 
of  means  for  heating  the  feed  water  by  the  contact  or  mixture  of 
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the  water  with  the  exhaust  steam :  but  the  injector  may^be  used  with 
surface  heaters,  in  which  the  water  whilst  on  its  way  to  the  boiler  may 
be  heated  after  it  has  passed  through  the  injector,  by  contact  with 
steam-heated  surfaces. 


The  Chairman  remarked  that  the  locomotive  engines  formed  an 
important  and  interesting  feature  of  the  Exhibition,  and  the  paper 
just  read  contained  a  valuable  summary  of  the  principal  varieties  of 
construction  presented  by  them.  The  improvements  effected  since  1851 
were  perhaps  not  very  striking  to  a  casual  observer,  except  in  the 
important  change  from  coke  to  coal,  in  which  respect  certainly  a  veiy 
great  improvement  had  been  made  during  the  past  eleven  years, 
causing  a  large  saving  in  consumption  of  fuel ;  and  other  valuable 
improvements  in  working  had  also  been  carried  out.  He  asked  what 
were  the  comparative  results  of  different  engines  in  economy  of  fuel. 

Mr.  Clark  replied  that  the  question  of  the  comparative  value  of 
the  firebox  and  of  the  tubes  as  heating  surface,  to  which  he  had 
referred,  was  one  requiring  particular  attention :  and  he  thought  the 
two  London  and  North  Western  engines  exhibited  famished  valuable 
information  upon  this  subject.  The  performance  of  the  inside  cylinder 
engine  with  242  square  feet  of  heating  surface  in  the  firebox  was  not 
so  good  in  work  done  per  lb.  of  coal  as  that  of  the  outside  cylinder 
engine  with  only  one  third  that  extent  of  heating  surface  in  the  firebox 
but  rather  more  in  the  tubes. 

The' Chairman  enquired  how  many  of  the  water  troughs  there  were 
now  in  use,  for  enabling  the  engines  to  take  up  a  supply  of  water  into 
the  tender  whilst  running,  as  described  in  the  paper. 

Mr.  F.  W.  Webb  replied  that  there  were  now  three  pairs  of 
troughs  on  the  London  and  North  Western  Railway:  one  near 
Conway,  another  at  Parkside  on  the  Liverpool  and  Manchester  line, 
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•ad  the  third  near  Wolrerton.  They  were  all  working  with  complete 
saceesSy  and  no  difficnltj  was  ever  experienced  in  taking  np  the 
required  supply  of  water  at  any  speed  ahove  15  miles  an  hour. 
The  trough  at  Parkside  was  nsed  for  the  heavy  through  goods 
truns,  which  were  now  enabled  to  nm  through  without  stopping, 
avoiding  the  serious  obstruction  of  the  line  previously  caused  by  their 
having  to  stop  for  water;  and  the  troughs  at  Conway  and  Wolverton 
were  used  for  the  express  and  mail  trains.  An  engine  had  on  one 
occasion  run  through  with  a  train  from  Holyhead  to  Stafford  without 
stqiping,  a  distance  of  130 J  miles,  by  means  of  picking  up  water 
from  the  troBgh  at  Conway  ;  that  was  the  longest  run  that  had  ever 
been  made  yet  without  stopping. 

The  Chaibman  enquired  :nrhat  were  the  steepest  inclines  worked 
I7  locomotive  engines,  and  how  much  weight  the  engine  could  take  up 
in  such  cases. 

Mr.  Glabk  said  the  steepest  gradient  worked  by  locomotives  that 
he  had  heard  of  was  1  in  17  on  the  Mountain  Top  Incline  of  the 
Virginia  Central  Eailway,  which  was  stated  to  have  been  worked 
safely  by  locomotive  engines  for  several  years  with  na  accident.  On 
some  of  the  continental  railways  also  there  were  inclines  of  1  in  20 
worked  by  locomotives,  and  when  properly  managed  the  engine  could 
be  made  to  take  up  them  nearly  as  much  as  its  own  weight  of  train, 
bat  then  erery  artificial  help  was  required  to  increase  the  adhesion. 
On  the  American  lines  he  understood  chalk  was  sometimes  used  to 
inerease  the  bite  of  the  wheels,  or  else  ordinaiy  sandboxes ;  and  in 
some  places  the  curves  were  so  sharp  that  oil  was  employed  to  lubricate 
the  flanges  of  the  leading  wheels.  On  the  Giovi  Incline  of  1  in  29  on 
^  Sardinian  Railway  two  four-wheeled  tank  engines  were  employed, 
coupled  together  tail  to  tail  with  the  enginedriver  between  them ;  but 
thig  arrangement  involved  two  complete  engines  with  separate  boilers 
uui  machinery,  besides  the  extra  trouble  of  working  two  boilers  instead 
of  one :  and  he  therefore  thought  Messrs.  Meyer's  plan  of  a  single 
laige  boiler  mounted  on  a  swivelling  frame  was  superior  in  respect  of 
nmplicity  and  diminution  of  first  cost,  and  a  principal  point  in  this 
^i^gine  was  the  swivelling  connexion  of  the  frame  for  carrying  the  long 
boiler. 
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Mr.  W.  BouoH  enquired  how  the  steam  communications  to  the 
two  pairs  of  cylinders  were  managed  in  that  engine  so  as  to  allow  of 
the  frame  swivelling :  he  thought  any  arrangement  of  flexible  tubes 
for  the  purpose  must  be  a  source  of  much  trouble  in  practice.  No 
doubt  a  connexion  between  the  engine  and  tender  for  driying  the 
tender  wheels  was  desirable  for  obtaining  the  benefit  of  the  additional 
adhesion;  but  the  difficulty  in  all  such  cases  was  the  additional 
complication  involved. 

Mr.  Clark  said  the  communication  from  the  boiler  to  the  cylinders 
on  a  swivelling  frame  must  certainly  be  a  delicate  point,  and  he 
thought  the  ball-and-socket  coupling  such  as  was  used  in  ordinary 
tender  feed-pipe  connexions  was  decidedly  superior  to  any  plan  of 
tubes  with  flexible  india-rubber  joints. 

The  Chairman  enquired  whether  any  of  the  locomotives  exhibited 
had  iron  fireboxes  or  iron  tubes,  or  whether  they  had  all  copper  fire- 
boxes and  brass  tubes,  as  in  the  ordinary  English  engines.  He  had 
heard  much  diversity  of  opinion  as  to  the  comparative  value  of  brass 
and  iron  tubes,  for  though  the  difference  in  first  cost  was  so  great,  the 
difference  in  the  wear  and  tear  and  in  disposing  of  the  old  materials 
when  worn  out  was  said  to  make  the  actual  economy  about  the  same 
in  both  cases. 

Mr.  Clark  replied  that  there  were  no  iron  fireboxes  or  iron  tubes 
in  the  locomotives  exhibited ;  but  the  Prussian  engine  built  by  Borsig 
of  Berlin  had  fireboxes  made  of  homogeneous  steel,  and  also  tubes  of 
the  same  material.  The  other  foreign  locomotives  had  all  brass  tubes, 
and  he  believed  it  was  now  almost  the  universal  practice  to  use  brass 
tubes,  as  these  were  found  so  much  more  durable  in  locomotives  than 
iron. 

Mr.  J.  FsBNiB  remarked  that  on  the  English  lines  brass  tubes 
were  the  only  ones  that  were  found  to  stand  well,  and  he  knew  of 
no  large  line  on  which  iron  tubes  were  used.  With  regard  to  the 
various  arrangements  of  large  engines  that  had  been  described  for 
working  heavy  inclines,  he  thought  they  would  not  apply  to  this 
country,  as  there  were  scarcely  any  English  lines  requiring  anything 
beyond  a  large  size  six-wheel-coupled  engine.  They  had  on  the 
Midland  Railway  the  steepest  incline  worked  by  locomotives  on  a  main 
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line  in  tliis  country,  the  Lickey  Incline  of  1  in  87,  wliiofa  was  worked 
bj  a  large  six-wheel-ooupled  tank  engine,  the  wheels  being  4  feet 
diameter,  and  the  cylinders  16}  inches  diameter  with  2  feet  stroke ; 
the  weight  on  each  pair  of  wheek  for  driving  adhesion  was  about 
12  tons  in  this  case.  In  reference  to  the  dimension  of  the  water 
spaces  between  the  boiler  tabes  in  the  locomotiyes  exhibited,  and  the 
disposition  of  the  frames  and  the  weights  npon  the  several  pairs  of 
wheels,  there  might  be  room  for  considerable  difference  of  opinion  from 
the  views  expressed  in  the  paper ;  bnt  he  considered  they  were  greatly 
indebted  for  the  valuable  information  which  the  paper  afforded  on  so 
extensive  and  important  a  subject. 

The  Chaibmav  proposed  a  vote  of  thanks  to  Mr.  Clark  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated. 
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4   AND    5    AUGDST,    1863. 


The  Annual  Pboyivcial  Mbbtikq  of  the  Members  was  held 
in  the  Concert  Room,  St.  George's  Hall,  Liverpool,  on  Tuesday, 
4th  August,  1863  ;  William  Clat,  Esq.,  Chairman  of  the  Local 
Committee,  in  the  Chair. 

The  Minntes  of  the  last  General  Meeting  were  read  and  c'«'iitiriiit  d 
The  Chaibham  announced  that  the  Ballot  Lists  liad  been  opened 
by  the  Comniittee  appointed  for  the  purpose,  and  the  following  New' 
Members  were  duly  elected  : — 


MEMBERS 

John  Abmstroko,    . 
Arthub  Butlbr, 
Andrkw  Craio, 
Isaac  Ha  etas,     . 
BociBR  Hind,  . 
W-alteb  Stuart  Hdtton, 
Edward  A.  Jeffrbts, 
Brtan  Johkson,  . 
Evan  Leioh,  . 
Edward  R.  Llotd, 
William  Muir, 
Edwin  Richards, 
Edward  Tomlinson, 
William  Townsend,    . 
Pbteb  Wrioht, 


Sunderland. 

Surdah,  Bengal. 

Birkenhead. 

Rosedale. 

Warrington. 

Leeds. 

Low  Moor. 

Chester. 

Manchester. 

Birmingham. 

Manchester. 

Pontypool. 

Manchester. 

Coventry, 

Dndley. 
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BONORABY   MEMBBRS. 

William  Brookbank,  .  Manchester. 

William  Butler,  Cadiz,  Spain. 

John  Fisher,  ....  Dadley. 

John  Woolley,  ....  Ripley. 


The  following  paper  was  then  read : — 


Digitized  by  VjOOQ  IC 


115 


ON  THE  CONSTRUCTION  OP  IRON  SHIPS. 


Bt  Mb.  JOHN  VEBNON,  of  Lxyebpool. 


The  extended  and  increasing  nse  of  Iron  Ships  at  the  present 
day,  after  the  lapse  of  about  thirty  years  since  they  were  first  fairly 
introdaoed,  renders  their  construction  a  subject  of  importance  in  a 
commercial  point  of  yiew,  and  of  deep  interest  to  all  concerned  in  the 
development  of  science  as  connected  with  iron  structures  generally. 
The  ^plication  of  iron  in  place  of  wood  to  the  structure  of  ships  has 
necessitated  a  more  careful  use  of  the  material  employed,  and  a  more 
correct  and  perfect  application  of  the  mechanical  principles  that  are 
inyolTed  in  the  construction.  It  is  not  intended  in  the  present  paper 
to  describe  novelties  of  construction  in  iron  ships,  so  much  as  to 
inveitigate  the  present  systems  that  are  most  approTed  and  practised ; 
ind  when  the  great  difference  is  considered  between  a  proper  and  an 
improper  use  of  the  material  employed,  and  the  important  results  that 
dqMnd  upon  it,  the  advantages  of  such  an  investigation  become 
erideat. 

The  rapid  rate  of  increase  in  the  application  of  iron  for  the 
oonstniction  of  ships  is  strikingly  illustrated  by  the  following  facts. 
In  the  yelur  1851  there  were  built  and  registered  in  the  United 
Kingdom  55  iron  sailing  ships  and  steamers  of  a  gross  tonnage 
of  15,826  tons ;  while  in  the  year  1862  the  number  had  increased 
to  219  vessels  and  106,497  tons.  In  the  same  years  the  number  of 
vessels  built  of  timber  was  as  follows:  in  1851  there  were  617 
Teisels  of  a  gross  tonnage  of  183,811  tons,  while  in  1862  the  number 
of  Tessels  was  740  and  the  gross  tonnage  115,955  tons.  It  is  thus 
Men  that  during  this  period  of  eleven  years  there  was  an  increase 
of  570  per  cent,  in  the  tonnage  of  iron  vessels,  but  a  decrease  of 
IS  per  cent,   in  the  tonnage  of  wood  vessels ;  which  is  the  more 
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remarkable  from  the  fact  that  less  than  twenty  years  ago  it  was 
considered  by  many  persons  of  great  experience  to  be  a  matter  of 
doubt  whether  iron  ships  could  be  adopted  at  all  for  general  service 
with  any  advantage.  This  doubt  however  was  not  shared  in  by  many 
thoughtful  mechanical  men,  who  -were  strongly  impressed  with  the 
advantages  to  be  obtained  from  the  introduction  of  iron  ;  and  the 
correctness  of  their  views  is  now  thoroughly  established  by  the 
practical  results  that  have  been  obtained  on  such  an  extensive  scale. 

The  first  consideration  in  the  order  of  the  subject  will  be  the  main 
points  of  superiority  of  iron  ships  over  those  built  of  wood.  These 
consist  in  the  superior  strength,  greater  durability  and  less  cost  of 
iron  ships,  together  with  their  larger  carjying  capability,  greater 
facility  of  construction,  and  the  more  certain  supply  of  the  material. 

The  greater  strength  of  iron  ships  is  shown  in  daily  practice  in 
numerous  ways  ;  and  it  is  also  shown  by  the  fact  that  in  many 
modern  wood  ships  it  has  been  found  desirable  to  introduce  the 
use  of  iron  for  bulkheads,  beams  and  stringers,  and  even  for  the 
framework  itself  of  the  whole  structure.  But  this  arrangement  it 
is  considered  falls  very  far  short  in  point  of  strength  of  a  vessel 
built  entirely  of  iron ;  and  the  only  ground  upon  which  snch  a 
mixed  kind  of  structure  can  be  advocated  is  the  freedom  from  foaling 
possessed  by  wood  vessels  when  they  are  coppered,  which  is  an 
advantage  existing  in  the  mixed  structure  on  account  of  the  shell 
portion  being  of  wood. 

The  greater  comparative  durability  of  iron  for  the  construction 
of  ships  arises  mainly  from  its  freedom  from  the  decay  to  which  wood 
is  always  liable  in  consequence  of  its  being  unavoidably  subject 
to  constant  and  extreme  variations  of  temperature  and  moisture. 
Another  important  source  of  this  greater  durability  is  to  be  found 
in  the  firm  and  substantial  union  of  the  several  parts  of  an  iron  ship 
by  means  of  ri vetting,  which  effectually  prevents  that  "  working" 
under  heavy  strains  to  which  all  wood  ships  are  more  or  less  liable. 

In  reference  to  the  question  of  cost,  the  comparison  in  order 
to  be  fairly  drawn  has  to  be  made  between  the  highest  class  of  wood 
ships  as  built  in  this  country,  with  frames  of  British  oak  and  the 
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bottom  coppered,  and  the  highest  class  of  iron  ships.  The  difference 
in  favoar  of  the  latter  is  in  that  case  about  £3  per  ton  measurement  or 
&boat  14  per  cent. 

The  larger  carrying  capability  of  the  iron  ship  arises  first  from  the 
reduced  weight  of  the  strnctnre,  and  secondly  from  the  increased 
internal  capacity  with  the  same  external  dimensions  and  model  as  the 
wood  ship.  This  is  shown  by  the  following  figures  of  comparison  of  a 
1200  ton  ship  of  the  two  constructions.  First  as  to  weight.  The 
wood  ship  with  rigging  and  all  outfit  weighs  say  18  cwts.  per  ton 
measure,  equal  to  1080  tons  for  the  whole  ship.  The  iron  ship 
completed  in  a  similar  way  weighs  only  say  15  cwts.  per  ton  meai^ure, 
whidi  would  be  equal  to  900  tons  for  the  whole  ship.  Hence  the 
1200  ton  iron  ship  will  carry  at  the  same  draft  180  tons  additional 
dead  weight  of  cargo  ;  and  this  will  be  equal  to  11  per  cent,  addition 
upon  the  whole  weight  of  1600  tons  which  is  actually  carried  by  a 
nominal  1200  ton  wood  ship  :  or  if  no  greater  weight  be  carried,  the 
iron  vessel  will  float  at  13  inches  less  draft  of  water.  Secondly  as  to 
capacity.  The  wood  ship  has  an  internal  capacity  of  93,343  cubic 
feet,  or  at  100  feet  per  ton  933  tons.  The  iron  ship,  because  of 
the  reduced  thickness  of  the  sides  and  bottom  of  the  hull,  has  a 
capacity  of  1108  tons.  Hence  in  regard  to  capacity  the  gain  of  the 
iron  ship  is  175  tons  or  about  19  per  cent,  over  the  wood  ship  ;  and 
there  will  consequently  be  space  enough  to  contain  the  increased  weight 
of  11  per  cent,  which  the  iron  ship  is  capable  of  carrying  by  reason  of 
its  lighter  hull. 

As  to  facility  of  construction  it  may  be  remarked  that,  instead 
of  a  long  period  being  required  for  preparation  and  seasoning  of  the 
material,  as  is  necessary  for  a  wood  ship,  the  material  for  the  iron  ship 
can  on  the  other  hand  be  used  immediately  after  it  is  manufactured. 
Abo  wood  can  only  be  had  just  as  it  has  grown  by  nature,  and  it  has  to 
be  converted  to  the  purposes  required,  mostly  by  hand  labour ;  but  the 
iron  can  at  once  be  obtained  of  the  precise  sizes  and  forms  required, 
and  the  use  of  machinery  can  be  very  largely  adopted  in  working  it  up 
in  the  structure  of  the  ship,  whereby  a  great  amount  of  economy  can 
be  effected,  both  in  the  time  occupied  and  in  the  cost  of  labour. 
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The  next  point  to  be  considered  is  the  actual  strength  of  an  iron 
ship  and  its  capability  of  bearing  strain ;  and  whether  the  distribation 
of  material  is  judicious  and  efficient,  considering  the  strains  to 
which  it  is  subjected.  For  this  purpose  the  case  will  be  taken  of  a 
ship  of  1200  tons,  as  shown  in  side  elevation  in  Figs.  1  and  2, 
Plate  32,  the  dimensions  of  which  are  205  feet  length,  34^  feet  beam, 
and  23  feet  depth  of  hold ;  and  the  ship  is  supposed  to  be  built  to 
class  A  1  at  Lloyds'  for  12  years  or  for  20  years  with  the  Liyezpool 
Underwriters'  Association,  which  is  considered  the  best  construction  at 
the  present  day.  The  transverse  section  of  such  a  ship  is  shown  to  a 
larger  scale  in  Fig.  3,  Plate  33,  the  section  of  the  iron  being  shown 
black  p  and  the  sectional  area  of  iron  is  as  follows  : — 

Fig.  S.  9q.  IiM. 

stringer  plates,  tie  plates,  and  angle  irons  on  main  deck  A  77 

Do.                 do.                do.                on  lower  deck  B  65 

Sheer  strakes G  61 

Sides  down  to  top  of  bilge D  298 

Turn  of  bilges  and  flat  of  bottom £  379 

Garboard  strakes F  69 

Middle  keelson G  42 

Sister  keelsons H  43 

Bilge  keelsons I  20 

Lower  hold  stringers E  41 

Keel  piece L  26 

Total    .  .1101 

In  the  aboTe  sectional  area  the  deck  planks,  amounting  to  1770 
square  inches,  have  been  excluded  from  the  calculation,  because  although 
aiding  considerably  when  in  compression  they  are  of  very  little  value 
for  tension  ;  and  both  cases  have  to  be  taken  into  account. 

Taking  first  the  extreme  case  of  strain  upon  the  vessel  when 
supported  only  at  the  ends,  and  allowing  10  feet  length  at  each  end 
for  the  support,  the  ship  will  be  as  shown  in  the  diagram,  Fig.  1, 
Plate  32,  with  a  length  of  185  feet  between  the  supports :  in  this  case 
the  bottom  of  the  vessel  is  in  tension  and  the  top  in  compression. 
The  displacement  of  such  a  vessel  at  her  loaded  draft  of  20  feet  is 
2703  tons,  and  this  weight  is  made  up  as  follows  : — 
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Tons. 
Iron  in  hnll^for  1166  tons  measiiromenty  at  10}  owts.  per  ton    612 1 

Woodwoik        do.  do.  at  2|  owts.  per  ton    146* 

BiggiDg  and  outfit 108  ^ 

Water  and  g^eral  stores 65  |>  1945 

Wdght  of  cargo 1802' 

Total        .        .        .  2708 

The  cargo  and  other  load  carried  is  thus  seen  to  amount  to  1945  tons, 

which  load  is  unequally  distributed  over  the  length  of  the  ship  in 

consequence  of  the  larger  capacity  in  the  midships  as  compared  with 

that  at  ihe  two  ends :  and  the  proportionate  distribution  as  measured 

from  actual  sections  of  an  existing  ship  is  shown  approximately  by  the 

figures  marked  upon  the  side  elevation,  Fig.  1.  The  length  unsupported 

being  divided  into  six  equal  portions,  (he  respective  cargo  capacities 

or  loads^of  these  are  in  the  proportions  of  11,  20,  23,  23,  22,  14 

respectively,  proceeding  from  the  stem  to  the  bows.      The  result 

obtained  by  taking  the  mean  effect  of  these  several  loads  at  the  centre 

of  the  vessel  is  that  the  strain  produced  at  the  centre  by  the  distributed 

lotd  amounts  in  this  case  to  74  per  cent,  of  the  total  load,  instead  of 

50  per  cent,  or  one  half  the  load  as  would  have  been  the  case  if  the 

difltribution  of  the  load  had  been  uniform  throughout  the  entire  length. 

Hence  the  total  distributed  load  carried  being  1945  tons,  as  ascertained 

above,  the  equivalent  centre  load  will  be  in  this  case  74  per  cent,  of 

that  amount  or  1440  tons ;    and  the  additional  weight  of  the  vessel 

it6elf,^758  tons,  may  be  considered  as  equivalent  to  a  load  of  one  half 

the  amount  or  379  tons  at  the  centre  ;  making  together  a  total  load 

at  the  centre  of  1819  tons,  one  half  of  which  or  909  tons  is  acting  at 

each  end  by  tension  on  the  lower  part  of  the  vessel,  with  a  leverage  of 

924  feet,  or  half  the  length  of  the  unsupported  portion  of  the  vessel. 

As  the  form  in  which  the  material  is  placed  in  the  sectional  area 
of  the  ship  is  necessarily  determined  by  the  carrying  and  floating 
requirements  of  the  ship,  and  is  consequently  not  free  to  be  arranged 
in  the  manner  that  would  simply  give  the  greatest  strength  as  a  girder, 
this  case  does  not  admit  of  satisfactory  comparison  with  a  wrought 
iiOQ  box-girder  for  calculation  of  the  transverse  strength.  It  may  be 
ooDTenient  consequently  to  consider  the  strains  on  the  whole  sectional 
vea  as  if  acting  upon  a  solid  girder  composed  of  the  material  that 
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exists  at  each  point  in  the  depth  of  the  yessel,  concentrated  into  a 
solid  girder  of  the  same  sectional  area  and  depth.  The  diagram, 
Fig.  4:,  Plate  83,  shows  the  total  sectional  area  of  the  vessel  drawn 
to  double  the  scale  of  Fig.  3  in  area,  or  1  -5000th  of  the  actual  area 
of  section.  The  metal  is  here  condensed  into  the  form  of  a  flanged 
girder  for  comparison  of  the  areas  of  resistance  in  the  several  portions, 
in  order  to  deduce  an  approximate  neutral  axis  for  the  whole  section  ; 
and  the  positions  of  the  several  portions  of  the  girder  are  made  to 
correspond  with  the  exact  positions  in  the  general  section  of  the  vessel 
itself.  Fig.  3.  The  sectional  areas  of  iron  at  the  main  deck,  lower 
deck,  and  bottom  are  113,  55,  and  493  square  inches  respectively. 
The  top  flange  of  113  square  inches  area  is  made  up  of  the  main  deck 
plates  and  angle  irons  A  of  77  square  inches,  and  36  square  inches  of 
the  sheer  strakes  C  from  the  top  M  downwards  :  the  bottom  flange  is 
taken  to  include  the  entire  section  of  iron  in  the  bottom  E  E  of  the 
vessel,  from  the  keel  L  up  to  the  points  O  O  at  turn  of  bilge  on  either 
side,  together  with  the  five  keelsons  G,  H  H,  and  I  I.  The 
intermediate  areas  of  the  sides  are  120  square  inches  between  the 
upper  and  lower  decks,  from  the  sheer  strakes  C  down  to  the  lower 
deck  N ;  and  320  square  inches  from  the  lower  deck  N  down  to  the 
point  O,  at  which  the  bottom  is  considered  to  begin  :  the  latter  area 
being  divided  into  two  portions  of  158  and  162  square  inches 
respectively  above  and  below  the  neutral  axis  P  P.  Then  these 
several  areas  multiplied  into  their  respective  vertical  distances  or 
leverages  give  the  upper  dotted  line  P  P  as  the  approximate  neutral 
axis,  about  which  the  moments  of  the  areas  above  and  below  are 
equal ;  -  taking  the  total  compression  resistance  of  the  upper  portion  as 
5-6ths  of  the  tensile  resistance  of  the  lower  portion,  since  the  ultimate 
strength  per  square  inch  of  wrought  iron  to  resist  compression  is 
5-6ths  of  its  strength  for  tension. 

In  this  case  the  decks  being  in  compression  and  the  4  and  3  inch 
planks  of  which  they  are  composed  being  fixed  tight  and  solid  together, 
the  timber  will  contribute  materially  to  the  strength  of  the  ship.  The 
resistance  of  the  pine  wood  to  compression  may  be  taken  at  3  tons  per 
square  inch  ;  and  the  compression  strength  of  wrought  iron  being 
17  tons  per  square  inch  or  5-Cths  of  its  tensile  strength  of  20  tons, 
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the  strength  of  the  wood  is  about  l-6th  that  of  wroxight  iron :  the 
Ytlue  of  the  timber  may  therefore  be  safely  taken  at  l-8th  of  the 
strength  of  wrought  iron  per  square  inch.  Hence  the  sectional  area 
of  the  nudn  deck  planking  being  960  square  inches,  1  -8th  of  this  or 
120  square  inches  has  been  added  in  the  above  calculation  to  the  area 
of  the  top  flange  of  the  girder  in  Fig.  4,  Plate  33,  as  shown  by  the  outer 
lines  surrounding  the  shaded  portion,  making  the  total  area  of  the  top 
flange  233  square  inches.  For  the  lower  deck  of  810  square  inches 
sectional  area,  l-8th  of  this  or  101  square  inches  has  similarly  been 
added,  making  a  total  area  of  156  square  inches. 

The  neutral  axis  P  P  thus  found  is  situated  9  feet  aboye  the  centre 
line  of  the  bottom  portion,  Figs.  3  and  4,  Plate  33  ;  and  the  strain 
ten&gto  produce  fracture  at  the  centre  of  the  vessel  will  therefore  be 
909  tons  X  92i  -r-  9  =  9343  tons.  Then  assuming  this  strain  to  be 
resisted  by  all  the  portions  in  tension  in  proportion  to  their  respective 
distances  from  the  neutral  axis  P,  the  effective  area  resisting  by 
tension  will  be  493  square  inches  for  the  bottom  portion,  and  l-3rd  of 
162  or  54  square  inches  for  the  lower  sides  ;  since  the  centre  of  gravity 
of  the  lower  sides,  from  the  neutral  axis  P  down  to  the  point  O 
in  Fig.  8,  is  only  a  little  more  than  one  third  of  the  way  down  from 
the  neutral  axis  P  to  the  centre  line  of  the  bottom  portion,  as  seen  in 
fig.  3.  Hence  the  total  effective  area  resisting  tension  is  547  square  ' 
inches,  on  which  the  above  load  of  9343  tons  gives  a  strain  of  17  tons 
per  sqnare  inch  upon  the  iron. 

13iis  calculation  is  on  the  extreme  supposition  of  the  vessel  being 
entiiely  out  of  the  water  and  supported  only  at  the  two  extremities  ; 
bat  practically  the  vessel  when  carrying  her  cargo  is  supported  from 
end  to  end  by  the  water,  excepting  to  the  extent  that  this  support  may 
be  partially  withdrawn  by  the  waves  and  other  causes  producing  an 
inequality  of  inomersion.  It  has  to  be  observed  that,  although  the 
voght  of  the  Whole  vessel  is  balanced  by  its  displacement,  the  extreme 
^6  are  very  much  heavier  than  their  own  displacements,  and 
coosequentiy  a  larger  weight  is  left  unsupported  at  the  ends ;  and 
the  effect  of  this  imperfect  support  of  the  ends  of  the  vessel  while 
■float,  inasmuch  as  it  throws  a  strain  of  compression  on  the  bottom, 
will  to  that  extent  reduce  the  strain  of  tension  to  which  the  bottom  of 
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the  vessel  is  exposed  in  the  case  now  ander  consideration,  when  she  \a 
supported  at  the  ends  only. 

Now  considering  the  opposite  case  of  the  vessel  being  supported 
only  at  the  centre,  as  shown  in  Fig.  2,  Plate  32,  the  strains  on  the 
vessel  will  then  be  reversed  :  the  top  will  be  in  tension  and  the  bottoni 
in  compression.  In  this  case  the  effect  of  the  uneqaal  distribution  of 
the  load,  taken  from  the  same  data  as  before,  will  be  to  produce  a 
strain  corresponding  to  a  load  at  the  ends  of  the  vessel  amounting  to 
only  44  per  cent,  of  the  total  load,  instead  of  50  per  cent,  or  one  half 
as  would  have  been  the  case  if  the  load  had  been  uniformly  distributed 
throughout  the  entire  length.  The  total  distributed  load  carried  being 
1945  tons  as  before,  the  equivalent  load  at  the  ends  will  in  this  case 
be  44  per  cent,  of  that  amount,  or  856  tons  acting  at  the  two  ends ; 
and  the  additional  weight  of  the  vessel  itself,  758  tons,  being  taken  as 
before  to  be  equivalent  to  one  half  that  amoimt  or  379  tons  at  the 
two  ends,  these  make  together  a  total  load  at  the  two  ends  of 
1235  tons,  one  half  of  which  or  617  tons  is  acting  at  each  end  by 
tension  on  the  upper  part  of  the  vessel,  with  a  leverage  of  half  the 
unsupported  length  of  the  vessel  or  92}  feet  as  before. 

The  neutral  axis  in  this  case,  found  in  the  same  manner  as  before, 
but  omitting  from  the  calculation  the  sectional  area  of  the  decks 
which  are  now  in  tension,  is  shown  by  the  lower  dotted  line  Q  Q, 
Figs.  3  and  4,  Plate  33  ;  it  is  situated  at  a  depth  of  16i  feet  below 
the  centre  of  the  upper  portion,  or  21  inches  below  the  previous 
neutral  axis  P,  thus  dividing  afresh  the  320  square  inches  area  of  the 
lower  sides  from  N  to  0,  Fig.  3,  into  two  portions  of  181  and 
139  square  inches  respectively  above  and  below  the  neutral  axis  Q,  as 
seen  in  Fig.  4.  The  strain  tending  to  produce  fracture  at  the  centre 
of  the  vessel  will  therefore  be  617  tons  X  92^^  ~  16i  -  3512  tons. 
Then  the  effective  area  resisting  by  tension,  found  in  the  same  manner 
as  before,  will  be  113  square  inches  for  the  main  deck  portion, 
together  with  j  of  120  or  90  square  inches  for  the  top  sides  between 
the  decks,  }  of  55  or  27  square  inches  for  the  lower  deck  portion, 
and  ^  of  181  or  45  square  inches  for  the  sides  below  the  lower  deck ; 
making  a  total  effective  area  of  275  square  inches  resisting  by  tension. 
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Hence  the  strain  produced  by  the  above  load  of  3512  tons  will 
be  13  tons  per  square  inch  upon  the  iron. 

It  maj  be  obsenred  that,  although  this  is  an  extreme  case,  it  is  bj 
iu)  means  imaginary  as  regards  the  strain  which  a  vessel  has  to  bear 
OQDtiBoallj  when  floating  in  the  water.  For  the  effect  of  the  imperfect 
rapport  of  the  ends  of  the  vessel  while  afloat,  which  was  previously 
refeired  to,  is  to  cause  a  strain  on  the  transverse  area  of  the 
midship  section  similar  in  action  to  that  caused  by  the  vessel  being 
nipported  in  the  middle  alone,  entirely  out  of  the  water,  and  differing 
(mly  in  degree. 

As  is  well  known  there  are  many  new  plans  and  improvements 
in  the  construction  of  iron  vessels  that  are  partly  adopted  or  in 
contemplation  to  be  used,  which  might  have  been  referred  to  in 
this  psper ;  but  the  subject  of  the  paper  has  been  confined  to  an 
iavotigation  of  the  strength  and  efficiency  of  iron  vessels  as  generally 
Mt  of  the  highest  class  at  the  present  time.  In  considering 
howeTer  the  atreugth  of  any  new  kinds  of  st^nctures,  the  same 
pnndples  are  applicable  that  have  been  employed  in  the  case  now 
dealt  with. 

In  order  to  ascertain  the  comparative  strength  of  iron  and  wood 
ships  under  the  two  extreme  conditions  of  strain,  the  same  calcalation 
viU  now  be  applied  to  a  wood  ship  of  the  first  class,  such  as  has  been 
pi^osly  referred  to,  and  of  the  same  size,  1200  tons  ;  of  which  a 
tnosrerse  midship  section  is  shown  in  Fig.  5,  Plate  34,  drawn  to  the 
ttme  scale  as  the  section  of  the  iron  ship  in  Fig.  3.  In  Fig.  6  is 
ihown  as  before,  condensed  into  the  form  of  a  solid  girder,  the  area  of 
section  of  the  wood  ship,  drawn  to  double  the  scale  in  area  of  Fig.  5, 
or  1 -5000th  of  the  actual  area  of  section.  The  bottom  flange  of  the 
girder.  Fig.  6,  is  taken  to  include  all  the  section  of  material  in  the 
Initom  of  the  vessel,  from  the  keel  up  to  the  points  R  R  on  either  side 
in  Fig.  5.  The  actual  areas  of  each  portion  of  the  section  are  as  marked 
opouthe  drawing.  Fig.  6;  namely  1011  and  1074  square  inches  in 
tbe  main  deck  and  lower  deck  portions  respectively,  exclusive  of  the 
decks  themselves  ;  764  square  inches  in  the  sides  between  the  upper 
ud  lower  decks ;  1736  square  inches  in  the  lower  sides  horn  the  lower 
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deck  down  to  the  point  R  where  the  bottom  is  considered  to  hegisi ; 
and  5216  sqaare  inches  in  the  bottom.  In  these  areas  the  ^'  ceiling  *' 
or  lining  of  the  hold,  being  constructed  of  4  inch  planking  secnred  to 
the  £rames  of  the  ship,  has  been  indnded  as  acting  efficiently  both  in 
compression  and  tension. 

When  the  vessel  is  supported  only  at  the  ends,  having  the  bottom 
in  tension,  the  main  and  lower  decks,  of  944  and  920  square  inches 
area  respectively,  have  to  be  included  in  the  compression  resistance,  as 
in  the  iron  ship ;  thus  the  areas  of  the  main  and  lower  deck  portions 
are  here  increased  to  1955  and  1994  square  inches  respectively,  as 
shown  by  the  outer  lines  surrounding  the  shaded  portion  in  Fig.  6, 
Plate  84.  The  neutral  axis  in  this  case  is  shown  by  the  lower  dotted 
line  P  P :  it  is  obtained  in  the  same  manner  as  before  in  the  iron  ship, 
by  multiplying  the  several  portions  of  the  section,  Fig.  6,  into  their 
respective  leverages  or  vertical  distances  from  the  line  P  P,  so  as  to 
make  the  moments  equal  above  and  below  that  line ;  the  only  difference 
for  the  wood  ship  is  that  here  the  ultimate  resistance  of  the  timb^  to 
compression  is  taken  as  3-4ths  of  its  resistance  to  tension.  This  gives 
the  neutral  axis  P  at  6|  feet  above  the  centre  line  of  the  bottom  flange 
of  the  girder  in  Fig.  6,  dividing  the  lower  sides  into  two  portions 
of  1041  and  695  square  inches  respectively  above  and  below  the 
neutral  axis. 

The  Weight  of  the  1200  ton  wood  vessel  without  cargo  is  18  cwts. 
per  ton  measure,  or  1080  tons  total,  as  previously  stated.  Deducting 
143  tons  for  the  weight  of  the  rigging,  outfit,  water,  and  stores,  the 
same  as  in  the  iron  vessel,  the  weight  of  the  hull  is  937  tons ;  half  of 
which,  or  468  tons,  is  therefore  taken  as  the  equivalent  load  at  the 
centre.  The  internal  capacity  of  the  wood  ship  having  been  already 
stated  to  be  only  933  tons  as  compared  with  1108  tons  capacity  of  the 
iron  ship,  the  total  distributed  load  of  1945  tons  carried  by  the  iron 
ship  will  be  reduced  in  the  same  proportion,  amounting  to  1638  tons : 
and  the  equivalent  centre  load  being  74  per  cent,  of  the  distributed 
load,  as  before,  amounts  in  this  case  to  1212  tons.  The  total 
centre  load  is  therefore  1680  tons,  or  840  tons  at  each  end  of  the 
ship,  with  a  leverage  of  half  the  unsupported  length  of  the  vessel  or 
92i  feet. 
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Hoiee  the  stndn  tending  to  produce  fracture  at  the  centre  of  the 
Teasel  will  he  840  tons  X  92)  -s-  6|  =  11511  tons  tension  upon  the 
portions  of  the  section  helow  the  nentral  axis,  Fig.  6,  Plate  84.  The 
effeetiTe  area  resisting  this  strain  is  5216  square  inches  for  the  bottom 
portioD,  and  l-4ih  of  695  or  174  square  inches  for  the  sides  helow  the 
neutral  axis ;  since  the  centre  of  gravity  of  the  sides,  from  the  nentral 
uis  P  down  to  the  point  R  in  Fig.  5,  is  only  l-4th  of  the  way  down 
from  the  nentral  axis  P  to  the  centre  line  of  the  bottom  portion, 
ts  seen  in  fig.  5.  The  total  effective  area  resisting  tension  is 
thnefore  5390  square  inches,  on  which  the  above  load  of  11511  tons 
pfodoees  a  strain  of  2^  tons  per  square  inch. 

In  the  opposite  case  of  the  vessel  supported  only  at  the  centre,  the 
top  is  in  tension,  and  the  decks  are  therefore  not  included  in  the 
leastaacs.  The  neutral  axis,  found  as  before,  is  shown  by  the  upper 
dotted  fine  Q  Q,  Plate  84,  which  is  situated  14  feet  below  the  centre 
Km  of  the  npper  portion,  Fig.  6,  or  6  inches  above  the  previous 
aentnl  axis  P ;  thus  dividing  afresh  the  1786  square  inches  area  of 
the  kwer  sides  into  two  portions  of  985  and  801  square  inches 
nspeetively  above  and  below  the  neutral  axis  Q,  as  seen  in  Fig.  6. 
The  weight  of  the  hull,  987  tons  as  before,  is  equivalent  to  half  that 
amount  or  468  tons  at  the  two  ends;  while  the  distributed  load 
of  1688  tons  in  the  wood  ship  is  eqidvalent  to  44  per  cent,  of  that 
laoont  or  721  tons  at  the  two  ends.  Hence  the  total  load  at  the  two 
tsds  is  1189  tons,  one  half  of  which  or  594  tons  is  acting  at  each  end 
by  tension  on  the  upper  part  of  the  vessel,  at  the  leverage  of  92)  feet 
M  before. 

The  strain  tending  to  produce  fracture  at  the  centre  of  the  vessel  is 
therefore  594  tons  X  92}  -f-  14  =  8925  tons  tension  upon  the 
portions  of  the  section  above  the  neutral  axis  Q,  Fig.  6.  The  effective 
srea  to  resist  this  strain,  found  as  before,  is  1011  square  inches  for  the 
Bain  deek  portion,  together  with  |  of  764  or  578  square  inches  for  the 
top  sides  between  the  decks,  g  of  1074  or  408  square  inches  for  the 
Vmer  deck  portion,  and  ^  of  985  or  184  square  inches  for  the  sides 
Mow  the  lower  deck.  This  gives  a  total  effective  area  of  2121  square 
indies  resisting  by  tension,  upon  which  the  above  load  of  892&  tons 
prodooes  a  strain  of  H  tons  per  square  inch. 
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Thns  if  the  average  tensile  strength  of  all  the  wood  employed 
in  the  longitndinal  timbers  and  decks  of  the  ship,  namely  teak, 
greenheart,  elm,  and  pine,  be  taken  at  6  tons  per  square  inch  in  the 
solid  material,  and  the  effective  strength  be  taken  at  one  third  of 
that  amount  or  2  tons  per  square  inch,  in  order  to  allow  for  the 
joints,  the  result  obtained  is  that  the  greatest  possible  strain  to  which 
it  could  be  exposed,  namely  in  the  case  of  the  vessel  being  supported 
at  the  ends  only,  is  2}  tons  per  square  inch,  as  above  ascertained, 
or  6  per  cent,  in  excess  of  the  tensile  strength  of  the  material :  while 
in  the  other  case  of  the  vessel  being  supported  only  at  the  centre,  the 
strain  of  Ig  ton  per  square  inch  is  6  per  cent,  less  than  the  strength  of 
the  material.  In  the  iron  ship,  if  the  tensile  strength  of  the  material 
be  taken  at  20  tons  per  square  inch,  and  the  effective  strength  at  three 
fourths  of  that  amount  or  1 5  tons  per  square  inch,  the  greatest  strain 
to  which  it  can  be  exposed,  namely  17  tons  per  square  inch  in  the 
case  of  the  vessel  being  supported  at  the  ends,  exceeds  the  strength  of 
the  material  by  13  per  cent. ;  and  in  the  opposite  case  of  the  vessel 
supported  at  the  centre,  the  strain  of  13  tons  per  square  inch  is 
13  per  cent,  less  than  the  strength  of  the  material. 

The  general  result  therefore  as  regards  the  comparative  strength 
of  the  iron  and  wood  ships  appears  to  be  that  in  the  position  causing 
the  greatest  possible  strain  in  each  case,  namely  when  the  ship  is 
supported  at  the  ends  only,  the  strength  of  the  material  is  deficient 
for  resisting  the  strain  by  about  one  eighth  in  the  iron  ship  and 
one  sixteenth  in  the  wood  ship :  and  in  the  other  position  of  strain, 
namely  when  the  ship  is  supported  in  the  middle,  there  is  an  excess 
of  strength  in  the  material  of  about  one  eighth  in  the  iron  ship 
and  one  sixteenth  in  the  wood  ship.  A  very  important  consideration 
however  affecting  this  comparison  of  the  strength  of  iron  and  wood 
vessels  is  that  the  wood  vessel  selected  for  the  comparison  is  one  of 
the  very  first  class,  as  constructed  by  the  first  builders  in  this  country ; 
whereas  nearly  all  foreign  vessels  and  most  others  in  this  country 
besides  the  special  few  referred  to  are  very  much  inferior  to  the  one  on 
which  the  calculations  have  been  founded. 
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The  iron  used  in  the  framework  of  iron  vessels  is  applied  in 
Tarioos  forms  of  section  of  single  or  compound  structure.  Those 
which  are  principally  employed  are  shown  in  the  sections,  Figs.  7  to 
SO^  Plates  35  to  38,  all  drawn  to  a  scale  of  one  tenth  fall  size.  ^ 

For  Keels,  the  section  shown  in  Fig.  7,  Plate  35,  is  that  in  most 
cofflmon  use,  as  seen  at  L  in  Fig.  3,  Plate  33.  It  consists  of  a  plain 
pirallel  bar  S,  Fig.  7,  about  S^  inches  deep  by  3  inches  thick  for 
a  1200  ton  ship.  This  is  forged  in  lengths  of  about  20  feet,  and  then 
pieced  up  by  welds  into  two  or  three  lengths  for  the  entire  ship, 
biting  scarfed  joints  of  a  length  of  eight  times  the  thickness  of  the 
keel,  which  gives  room  for  as  many  rivets  as  are  required  to 
correspond  with  the  section  of  the  keel.  Fig.  9  is  a  deep  keel  of 
plate  iron,  made  by  putting  two  or  more  plates  side  by  side,  breaking 
joints  in  every  way.  The  plates  are  1  or  H  inch  thick  and  from  3  to 
4  feet  deep :  they  are  adopted  when  a  forging  of  the  required  size 
woold  be  too  large  and  heavy,  say  for  vessels  of  2000  tons  and 
upwards ;  and  where  the  scarfing  would  also  be  comparatively 
imperfect.  This  arrangement  is  specially  adopted  in  order  to  be  made 
to  senre  as  a  keelson  as  well.  The  floor  angle  irons  T  T  have  to 
be  turned  up  at  the  foot  so  as  to  be  rivetted  through  and  through  the 
keel  plates ;  and  the  floor  plates  IT  U  are  thus  made  in  two  pieces, 
one  on  each  side  of  the  keel.  The  keelson  angle  irons  Y  V  are  put  on 
the  t<»p  of  the  floor  plates  and  rivetted  through  and  through  the  top 
edge  of  the  keel  plates.  Fig.  10  is  the  **  dished*'  keel,  specially 
imted  to  flat  bottomed  vessels,  in  which  it  forms  an  excellent  trough 
for  drawing  off  the  last  drop  of  bilge  water.  It  is  made  of  plates 
about  1  inch  thick  bent  or  rolled  to  the  required  section.  The  trough 
is  made  of  a  shape  to  suit  the  circumstances,  from  6  to  8  inches  wide 
and  2  to  4  inches  deep.  Fig.  8  shows  an  arrangement  with  a  flat 
plate  as  a  substitute  for  a  keel  for  flat  bottomed  vessels,  where  the 
draft  is  limited  to  the  smallest  possible  amount ;  and  a  watercourse  is 
obtained  by  an  opening  W  in  the  bottom  edge  of  the  floor  plate  U  and 
^  cranking  up  the  angle  iron  to  correspond. 

For  Keelsons,  the  section  shown  in  Fig.  11,  Plate  36,  is  that 
required  by  Lloyds*  rules,  and  is  2-3rds  the  depth  of  the  floor  plates. 
Fig.  12  shows  the  box  keelson,  seen  at  G  in  Fig.  3,  Plate  33,  which 


Digitized  by  VjOOQ  IC 


ISO  CONSTBUCTION    OF    IRON    SHIPS. 

The  application  of  iron  for  building  ressels  is  peculiarly  advantageous 
in  the  special  class  of  Screw  Colliers  that  have  recently  come  into  use, 
with  hollow  bottoms  for  carrying  water  ballast.  The  traffic  in  which 
these  yessels  are  engaged  does  not  usually  provide  any  return  freight, 
and  it  is  obvious  a  great  commercial  advantage  is  obtained  by  this 
method  of  water  ballasting  for  the  return  voyage,  which  is  accomplished 
without  any  delay  and  with  but  little  cost.  Figs.  35  and  36,  Plate  39, 
show  transverse  and  longitudinal  sections  of  an  iron  screw  collier 
with  water  ballast,  in  which  it  will  be  seen  that  a  water  chamber  is 
formed  by  the  hollow  space  of  the  double  bottom  G  G,  and  a  chamber 
is  also  obtained  in  each  of  the  extreme  fore  and  aft  compartments  H 
and  K,  Fig.  36.  When  the  vessel  is  required  to  be  ballasted,  the  large 
sea  cocks  are  opened  and  water  is  admitted  into  the  hollow  bottom  G 
and  the  aft  compartment  K,  so  as  to  fill  these  two  portions ;  and 
then  the  water  is  also  admitted  into  the  fore  compartment  H,  to  such 
an  extent  as  may  be  found  necessary  for  adjusting  the  draft  of  water 
and  the  due  immersion  of  the  screw.  When  the  vessel  has  arrived  in 
port,  the  steam  pumps  are  tfet  in  action  for  pumping  out  the  ballast 
water ;  or  in  a  dry  harbour  at  low  water  the  large  sea  cocks  are  opened, 
and  then  the  water  is  easily  and  quickly  got  rid  of  within  the  short 
time  of  the  cargo  being  taken  on  board  :  and  the  vessel  is  thus  got 
ready  for  sea  again  without  having  experienced  any  delay  on  account 
of  discharging  ballast.  Figs.  35  and  36,  Plate  39,  represent  the  iron 
screw  steamer  "  Annie  Vernon,"  which  is  of  518  tons  gross  register, 
and  70  horse  power.  The  weight  of  water  ballast  contained  in 
the  hollow  bottom  chamber  G  is  120  tons,  in  the  aft  compartment  K 
20  tons,  and  in  the  fore  compartment  H  30  tons,  making  a  total 
of  170  tons  of  water  ballast ;  and  the  cargo  of  coal  or  iron  ore  which 
the  vessel  carries  is  about  700  tons.  The  mean  draft  when  in  ballast 
is  8  feet,  and  when  fully  loaded  with  cargo  13  feet,  as  shown  in  the 
transverse  section.  Fig.  35. 

There  is  perhaps  no  branch  of  iron  shipbuilding  in  which  more 
special  advantages  are  obtained  from  the  use  of  iron  than  in  the 
construction  of  Flat  Bottomed  Boats  for  river  navigation.  The 
extremely  small  draft  of  water  thereby  obtained  may  be  said  to  be 
utterly  impossible  except  by   the  use  of  iron  as  the    material  of 
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constmciion.  An  illustration  of  what  is  not  an  nnnsnal  specimen  of 
vessels  of  this  class  is  shown  in  Figs.  37,  38,  and  39,  Plate  40,  which 
represent  an  iron  paddle  steamer,  226  feet  long,  80  feet  beam,  and 
7  feet  depth  of  hold,  fitted  with  engines  of  170  horse  power.  This 
steamer  draws  only  abont  2  feet  of  water  when  light,  and  can  be  loaded 
with  coal  and  cargo  to  a  depth  of  4  feet;  it  maintains  a  speed  of 
14  statute  miles  an  honr  when  steaming  alone,  and  1 1  miles  an  honr 
with  one  barge  in  tow,  200  feet  long  and  30  feet  wide  with  370  tons 
of  cargo  on  board,  haying  a  draft  of  4  feet.  In  this  cons  traction  of 
yessel  two  longitudinal  iron  girders  II  are  introdnced,  rising 
eonsiderablj  above  the  level  of  the  deck,  in  addition  to  the  sides  of  the 
vessel  being  raised  as  girders  tp  the  height  of  the  paddleboxes,  as 
shown  at  J  J,  Fig.  37.  The  girders  II  are  required  in  order  to 
obtain  the  necessary  longitudinal  strength  as  a  girder  for  carrying 
the  weight  of  the  engines  and  coal,  the  hull  of  the  vessel  being  totally 
insufficient  for  this  on  account  of  its  necessary  shallowness  and 
lightness.  This  vessel  is  made  without  a  keel,  as  seen  in  Fig.  37 ; 
and  with  a  spoon  bow,  as  shown  in  Fig.  38,  which  is  found  to  be  a 
very  advantageous  form  for  facilitating  getting  the  vessel  off  the  sand 
banks  that  are  so  frequently  met  with  in  such  rivers  as  the  Ganges 
anfl  Indus  where  these  vessels  are  worked,  in  which  it  is  found 
impossible  to  avoid  at  times  going  aground  on  the  sand  banks. 

A  novel  system  has  recently  been  tried  on  the  Indus  for  conducting 
the  navigation  by  means  of  Bourne's  floating  steam  trains,  one  of 
which  is  shown  in  Fig.  40,  Plate  41.  It  consists  of  a  paddle 
steamer  L  at  the  head  of  the  train,  having  a  convex  stem  fitting  into 
the  concave  bow  of  the  barge  M  next  adjoining;  and  this  barge 
has  a  concave  stem  which  receives  the  convex  bow  of  the  second 
barge  N.  Other  following  barges  00,  all  with  convex  bows,  are  fitted 
together  in  a  similar  manner  to  the  second  barge,  making  up  a  train 
of  five  barges  with  an  entire  length  of  640  feet  including  the 
steamer.  The  connexions  between  the  barges  are  formed  by  a  pair  of 
radial  connecting  rods  with  ball-and-socket  joints,  thus  making  an 
articulated  train  capable  of  bending  into  any  tortuous  line  that  the 
I  navigation  of  the  river  may  require.  This  system  has  not  at  present 
\  answered  so  well  as  was  expected :  the  current  of  the  river,  both  when 
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with  the  train  and  when  against  it,  is  found  to  prevent  that  due 
control  in'  steering  the  train  which  is  requisite  for  keeping  it  in  the 
winding  course  desired.  The  special  advantage  supposed  to  he 
ohtained  is  that  of  having  only  one  midship  section  for  all  the  train, 
instead  of  one  midship  section  for  the  steamer  and  one  for  each  of  the 
five  harges :  hut  it  will  he  observed  that  this  advantage,  even  if 
assumed  to  he  ever  possessed,  cannot  be  realised  whenever  the  train  is 
out  of  the  straight  line,  since  the  resisting  area  will  then  be  necessarilj 
increased  in  proportion  to  the  curvature  of  the  train. 

Fig.  41,  Plate  42,  shows  the  area  of  canvas  requisite  to  drive 
a  first-class  merchant  ship  of  1200  tons  burthen,  the  size  of  vessel 
shown  in  the  previous  drawings,  Figs.  1  to  5,  Plates  32  to  34.  This 
is  the  proportion  usually  adopted  in  first  class  vessels,  giving  a  total 
area  of  23,313  square  feet  of  canvas.  The  area  of  the  immersed 
midship  section  when  laden  being  612  square  feet,  tlie  proportion  thus 
obtained  is  38  square  feet  of  canvas  per  square  foot  of  midship 
section  immersed.  This  proportion  is  found  in  general  practice  with 
good  models  of  ships  to  obtain  with  a  good  breeze  of  wind  a  speed  of 
12  knots  an  hour. 

A  question  of  great  importance  and  interest  that  has  recently  arisen 
in  reference  to  iron  ships  is,  what  is  the  advantage  to  be  obtained  by 
the  use  of  steel  in  place  of  iron  in  their  construction.  The  best  steel 
used  for  this  purpose  is  guaranteed  to  bear  a  tensile  strain  of  40  tons 
per  square  inch,  while  the  best  iron  will  bear  only  about  20  tons  per 
square  inch  or  half  the  strain.  This  would  show  that  half  the  weight 
of  steel  might  be  adopted  as  an  equivalent  for  the  iron ;  but  in 
practice  it  is  not  considered  advisable  to  reduce  the  proportion  lower 
than  two  thirds  the  weight  of  iron.  Taking  the  matter  in  a 
mechanical  point  of  view,  there  can  be  no  objection  to  the  adoption  of 
steel  for  the  purpose  so  long  as  it  comes  up  to  the  professed  standard 
of  quality :  but  considering  it  commerciiJly,  the  comparison  is  as 
follows,  if  the  price  of  iron  be  taken  at  the  average  rate  of  £10  per 
ton,  and  the  steel  at  £26  per  ton.  The  iron  in  the  hull  of  a 
1200  ton  ship  as  before  stated  is  612  tons,  which  taken  at  £10  per 
ton  costs  £6120.      Then  two  thirds  that  weight  of  steel  or  408  tons 
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st  £2B  per  ton  cosia  £10,608.  This  sho^s  the  weight  of  the  yessel 
to  be  reduced  204  tons  by  the  use  of  steel,  and  its  carrying  capabilitjr 
thereby  increased  to  the  same  extent;  but  this  is  obtained  at  an 
increased  cost  of  £4483  as  respects  the  raw  material,  or  at  the  rate  of 
£22  per  ton  for  the  additional  weight  carried.  On  the  other  hand  the 
whole  cost  of  the  iron  ship  of  1200  tons,  taken  at  £20  per  ton, 
is  £24,000 ;  and  its  actual  carrying  capability  being  1800  tons,  its 
cost  is  about  £13  per  ton  for  the  weight  carried.  It  thus  appears  that 
the  additional  204  tons  of  cargo  would  be  carried  by  steel  at  a  cost  of 
£9  per  ton  more  than  by  the  iron  bottom ;  and  with  this  serious 
additional  drawback,  that  with  the  steel  the  increased  capability  for 
€arr3riiig  weight  is  not  accompanied  by  any  corresponding  increase 
in  internal  capacity,  as  would  have  been  the  case  if  the  additional 
weight  had  been  carried  by  proportionately  increasing  the  size  of  the 
iron  ship  at  the  lower  rate  of  cost. 

The  abore  comparison  would  of  course  be  reduced  by  risking  a 
•mailer  proportion  of  steel,  as  well  as  by  any  reduction  in  its  price. 
Bat  in  order  to  biing  the  two  ships  to  an  equality  as  r^ards  total 
coat,  it  would  be  requisite  to  reduce  the  weight  of  steel  as  low  as  half 
the  weight  of  iron  and  to  reduce  the  price  to  £20  per  ton,  when 
30^  tons  of  steel  would  cost  £6120  or  the  same  amount  as  the  iron. 
In  that  case  the  vessel  would  be  able  to  carry  additi(»ial  cargo  equal 
to  the  increased  difference  of  weight,  namely  306  tons,  without 
additional  coet;  although  without  any  corresponding  increase  of 
capacity  for  containing  this  additional  cargo. 

Hie  mode  of  riretting  adopted  in  large  first-dass  vessels  is 
principally  what  is  termed  '*  chain  rivetting,**  both  in  the  longitudinal 
and  vertical  joints  :  but  in  addition  the  principal  stringer  plates  in  the 
upper  part  of  the  vessel,  and  the  sheer  strakes  in  the  midships,  have 
further  rows  of  rivets  with  increased  lap  of  the  joint  plates,  making 
ihe  joints  in  these  cases  treble  or  quadruple  rivetted.  The  relative 
aierits  of  holes  punched  or  drilled  appear  to  be  not  so  different  and 
not  so  much  in  favour  of  the  latter  as  might  be  expected :  the 
pnnohed  holes  are  not  so  regular  and  so  direct  through  the  thickness 
of  the  plates  as  the  drilled  holes;  but  notwithstanding  this  it  is  foimd 
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in  practice  that  the  punched  holes  are  thoronghlj  well  filled  bj  the 
riyets,  which  adapt  themselves  exactly  to  all  irregularities  of  the 
holes  ;  the  drilled  holes  though  perfectly  parallel  throughout  are  not 
better  filled  by  the  rirets  than  the  punched  holes,  as  is  seen  in  the  two 
specimens  now  exhibited,  showing  sections  of  plates  riyetted  together, 
one  with  drilled  holes  and  the  other  with  punched  holes.  It  must  be 
admitted  at  the  same  time  that  the  plates  are  subjected  to  a  somewhat 
greater  strain  by  being  punched  than  by  being  drilled,  though  the 
damaging  effect  from  such  a  cause  cannot  be  said  to  be  at  all  apparent 
in  the  usual  execution  of  good  work. 

The  joints  for  the  plating  have  now  become  more  perfect  than 
formerly,  by  the  use  of  the  planing  machine.  The  edges  of  the  plates 
for  the  butt  joints  are  now  planed  perfectly  straight  and  smooth,  and 
they  are  thus  brought  into  accurate  contact  with  each  other,  so  as  to 
form  a  perfectly  true  and  close  joint,  which  could  not  previously  be 
attained  by  shearing  and  the  too  common  practice  of  hammering  up 
the  edges  of  the  plates.  All  necessity  for  undue  caulking  and  the  use 
of  lining  strips  is  now  avoided,  and  the  best  strength  of  the  material  is 
imparted  to  the  ship.  The  quality  of  iron  employed  for  ship  building 
should  in  all  cases  be  equal  to  a  tensile  strength  of  at  least  20  tons 
per  square  inch ;  and  a  direct  and  habitual  system  of  testing  should 
be  constantly  carried  out. 

An  important  point  connected  with  the  construction  of  iron  ships  is 
the  kind  of  tools  employed  and  their  special  adaptation  to  the  purposes 
for  which  they  are  required.  Great  improvements  are  constantly 
being  introduced  to  meet  the  varied  requirements  as  they  arise  from 
time  to  time,  in  order  to  accomplish  greater  accuracy  and  perfection 
of  work  with  increased  economy  and  dispatch.  The  ordinary  tools  in 
general  use,  such  as  punching  and  shearing,  drilling,  and  bending 
machines,  need  not  be  specially  referred  to  here  :  but  attention  may 
be  called  to  some  improved  machines  that  have  been  recently  adopted 
with  very  considerable  advantage.  Amongst  these  may  be.  named  a 
punching  and  shearing  machine,  which  is  fitted  with  sliding  tables  and 
is  self-acting,  by  the  use  of  which  three  or  more  holes  can  be  punched 
at  one  time,  and  each  of  the  four  edges  of  the  plates  perforated  as 
required  with  perfect  accuracy  and  truly  square  with  one  another ;  and 
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the  shearing  also  of  the  four  edges  of  the  plates  can  be  made  perfectly 
straight  and  trae,  and  nearlj  as  smooth  as  if  planed,  the  smallest  width, 
eren  down  to  l-64th  inch,  being  accurately  pared  off  the  edges  of  the 
plates.  Another  machine  is  a  plate-planing  machine,  by  which  the 
edges  of  the  plates  may  be  planed  perfectly  true  with  only  one  or  two 
cats;  thus  enabling  the  workmen  to  make  the  most  perfect  joints  with 
great  economy  of  time  and  labour.  Another  machine  is  a  horizontal 
punching  machine,  whereby  long  curyed  frames  may  be  punched  while 
held  in  a  horizontal  position,  thus,  dispensing  with  the  necessary 
tackle  and  high  roofs  necessary  if  they  were  to  be  punched  by  an 
ordinary  machine,  which  would  require  them  to  be  held  in  a  vertical 
position.  The  small  machine  for  straightening  angle  iron  by  means  of 
pressure  from  a  screw,  which  is  done  silently  and  with  perfect  effect, 
is  a  great  improvement  upon  the  old  plan  of  always  doing  this  by  the 
blows  of  heavy  sledge  hammers.  Another  machine  specially  useful 
and  productive  of  economy  is  the  multiple  drilling  machine,  whereby  a 
number  of  lioles,  up  to  twelve  or  even  more,  can  be  drilled  at  one 
time  in  keels,  stem  and  stem  posts,  <&c.,  with  more  accuracy  of 
spacing  than  could  possibly  be  obtained  with  the  ordinary  machines 
which  can  drill  only  one  hole  at  a  time. 

The  very  extensive  use  of  iron  vessels  at  the  present  time  has  now 
proved  that  the  only  objections  which  can  be  urged  against  them  are 
the  liability  of  the  bottoms  to  become  foul  by  the  adhesion  of  animal 
and  vegetable  substances,  and  the  derangement  of  the  compasses  by 
the  local  attraction  of  the  iron  in  the  hull.  First  as  regards  the 
foaling,  it  has  to  be  observed  that  the  difficulty  only  exists  in  the  case 
of  vessels  engaged  on  very  long  voyages,  or  detained  at  foreign  ports 
where  the  water  and  climate  are  such  as  to  encourage  the  growth  and 
aocumulation  of  those  substances.  This  difficulty  it  must  be  admitted 
does  exist  to  soine  extent  with  iron  ships,  and  occasionally  results  in  a 
considerable  detention  and  delay:  usually  however  vessels  that  are 
well  coated  with  any  of  the  suitable  compositions  now  so  extensively 
in  use,  which  are  destructive  to  animal  and  vegetable  life,  are  able  to 
prosecute  their  voyages  out  and  home  in  almost  any  part  of -the  world, 
without  ever  becoming  foul  at  all,  or  at  least  to  any  extent  that  is 
seriously  detrimental.     The  discovery  of  still  better  compositions  will 
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probablj  lead  almost  to  the  annihilation  of  this  difficulty  ;  and  even  if 
thej  do  not  effect  this,  there  is  no  doubt  that  the  graving  docks,  both 
on  land  and  floating,  and  the  slips  that  are  now  being  adopted  on 
such  a  large  scale  at  manj  important  foreign  ports  will  give  as  great 
facilities  for  docking  and  cleaning  the  vessels  as  are  possessed  in  this 
country,  and  thus  remove  the  difficulty  entirely.  Secondly  as  regards 
the  derangement  of  the  compasses  in  iron  ships  by  the  local  attraction 
of  the  metal  in  the  hull,  this  eidsts  in  all  ships  to  a  greater  or  less 
extent,  and  perhaps  there  are  no  two  vessels  that  are  exactly  alike  in 
this  respect.  The  mode  adopted  for  meeting  this  difficulty  is  to 
neutralise  the  attraction  by  fixing  permanent  magnets  in  suitable 
positions  found  by  a  series  of  trials  in  each  particular  ship,  the  effect 
of  which  is  to  make  the  compasses  nearly  correct :  the  precise  amount 
of  incorrectness  that  still  remains  is  then  depicted  upon  what  is  called 
a  card  of  errors  for  every  position  of  the  compasses.  This  plan 
affords  practically  the  same  results  for  working  the  ship  as  if  the  action 
of  the  compasses  themselves  were  perfectly  correct. 

An  application  of  iron  or  steel  in  place  of  hemp  is  now  in  use 
in  flrst-class  vessels  for  the  standing  or  fixed  rigging,  that  is  those 
portions  that  are  not  what  is  termed  running  rigging.  The  effect  of 
this  change  in  a  1200  ton  ship  is  that  by  adopting  iron  wire  rope  in 
place  of  hemp  a  saving  in  weight  is  effected  of  3  tons,  and  in  cost 
a  saving  of  £200  ;  and  with  steel  wire  rope  the  saving  in  weight  is 
6}  tons  over  hemp,  but  without  any  further  saving  in  cost  over  the 
iron  wire  rope.  Greater  durability  is  obtained  by  the  use  of  wire  rope, 
and  damage  by  moisture  is  ptevented  by  the  wires  being  galvanised, 
as  well  as  by  covering  the  wire  rope  in  some  cases  with  a  serving  of 
hemp  yarn. 

The  adoption  of  steel  and  iron  in  place  of  woqd  for  the  masts  and 
yards,  which  is  now  becoming  so  extensive,  is  a  subject  that  requires 
to  be  well  considered  in  order  to  secure  the  real  advantages  to  be 
attained  by  the  change  of  material,  and  at  the  same  time  to  avoid  the 
risks  and-  dangers  that  would  arise  from  making  the  change  in  an 
injudicious  manner.  That  a  saving  of  weight  is  effected  by  this 
change  is  shown  by  the  fact  that  in  a  1200  ton  vessel  the  three  lower 
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masts  and  the  bowsprit  if  made  of  iron  weigh  26  tons,  and  if 
made  of  steel  19  tons,  while  if  made  of  wood  they  weigh  32  tons. 
A  corresponding  advantage  as  regards  weight  is  obtained  by  the  use 
of  iron  and  steel  for  the  topmasts  and  yards :  the  weight  of  the  three 
lower  yards  if  made  of  iron  is  8  tons,  and  if  made  of  steel  5  tons, 
while  if  made  of  wood  their  weight  is  9  tons.  It  may  therefore  be 
taken  as  approximately  correct  that  if  iron  were  wholly  adopted  for  the 
lower  masts,  topmasts,  bowsprit,  and  principal  yards  of  a  1200  ton 
ship,  an  entire  saying  of  7  tons  would  be  effected,  which  saying  would 
be  increased  to  17  tons  if  steel  were  used. 

An  important  point  to  be  noticed  in  reference  to  this  saving  of 
weight  is  that  it  is  effected  at  a  position  situated  at  a  great  height 
above  the  centre  of  gravity  of  the  vessel.  Thus  in  the  case  of  a 
vessel  being  light,  as  for  instance  during  the  interval  of  time  between 
discharging  one  cargo  and  taking  in  another,  the  saving  of  17  tons 
weight  resulting  from  the  use  of  steel  for  the  masts  and  yards 
will  take  place  at  a  point  P,  Fig.  34,  Plate  38,  which  is  32  feet  above 
the  centre  of  gravity  Q  of  the  vessel  in  that  condition.  Hence  the 
centre  of  the  temporary  ballast  JR  being  1 1  feet  below  the  centre 
of  gravity  Q,  it  may  be  concluded  that  the  result  obtained  by  the 
saving  aloft  will  be  that  more  than  30  tons  of  ballast  may  be 
dispensed  with  in  the  bottom  of  the  hold. 

An  experiment  of  some  practical  interest  to  show  the  comparative 
strength  of  one  of  the  best  pitch  pine  yards  and  a  cast  steel  yard  of 
the  same  dimensions  has  been  carried  out  at  the  writer's  works, 
of  which  the  following  are  the  particulars.  The  yards  selected  were 
the  actual  topsail  yards  that  had  been  made  for  a  1200  ton  ship,  of 
the  same  external  dimensions,  namely  58  feet  long,  15  inches 
diameter  at  the  centre,  and  7  J  inches  diameter  at  the  ends,  as  shown 
in  Figs.  42  to  45,  Plate  43.  For  the  testing  they  were  carefully 
bedded  upon  timber  supports  18  inches  long  with  51  feet  clear  length 
between,  and  were  loaded  in  the  centre  by  actual  weights  of  pig  iron 
in  a  cradle  suspended  by  chains  from  a  wood  saddle  S,  Figs.  42 
and  44,  2  feet  long,  carefully  fitted  upon  the  top  surface  of  the  yard. 
In  each  case  the  first  load  included  the  weight  of  the  cradle  and  chains. 
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The   successive  loads   and  corresponding  deflections  of  the  two 
yards  were  as  follows  : — 


WOOD  YARD. 

STEEL  YARD. 

1863. 

Load. 

DeflecUon. 

Load. 

Deflection. 

Tom. 

Inches. 

Tom. 

Inches. 

28  July 

1-29 

3-50 

1-85 

2-25 

1-66 

4-00 

2-06 

2-50 

1-81 

4-60 

2-85 

2-87 

2-08 

6-25 

2-63 

3-19 

2-37 

6-00 

2-89 

3-60 

2-65 

6-50 

3-10 

4-12 

2-83 

7-26 

3  26 

4-60 

3-09 

7-76 

3-46 

4-75 

3-35 

8-50 

3-60 

broken 

3-63 
3-91 

8-87 
9-37 

4-16 

9-87 

4-41 

10-26 

4-65 

11-37 

4-86 

11-76 

611 

13-00 

6-38 

13-62 

6-77 

16-00 

6-06 

16-50 

6-41 

17-00 

6-67 

17-25 

24  July 

6-61 

21-60 

6-85 

22-26 

7-09 

2300 

7-31 

23-75 

7-62 

24-60 

7-83 

26-60 

25  July 

7-98 

41-00 

8-04 

broken 

The  wood  jard,  of  pitch  pine,  had  the  load  removed  on  the  nights 
of  the  2drd  and  24th  July,  to  allow  of  packing  np  the  ends  higher 
from  the  ground  ;  and  was  left  unloaded  during  the  whole  of  those 
nights.  At  the  end  of  the  second  day's  testing,  at  the  deflection  of 
25 i  inches  under  7 '83  tons  load,  the  wood  began  to  show  signs 
of  fracture  on  the  upper  side  :  but  the  yard  did  not  finally  give  way 
until  the  load  of  8*04  tons  was  reached.  The  extreme  deflection  just 
before  breaking  was  41  inches,  as  shown  in  Fig.  42,  Plate  43,  being 
nearly  l-16th  of  the  length  of  the  yard.  The  fracture  was 
very  perfect  in  character,  the  lower  side  showing  the  effects  of  the 
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tensile  strain  by  longitudinal  rents  extending  for  so  great  a  length  as 
12  feet ;  and  the  upper  side  showing  the  effects  of  the  compression 
bj  the  material  being  crushed  up  into  a  lump  projecting  above  the  line 
of  the  upper  side  of  the  jard  at  each  end  of  the  saddle  piece  ;  whilst 
the  centre  portion  for  nearly  half  the  diameter,  occupying  the  position 
of  the  neutral  axis,  broke  off  short  and  square,  as  seen  in  Fig.  43. 

The  steel  yard,  tested  on  the  22nd  July,  broke  first  at  the  point  T, 
Fig.  44,  Plate  43,  about  6  feet  from  one  end  or  2|  feet  from  the 
rapport ;  and  then  on  falling  it  broke  at  the  point  U,  5  feet  from  the 
centre  on  the  opposite  side.  The  first  fracture  T  went  completely 
round,  and  showed  on  examination  a  fiaw  or  rather  an  old  crack  for 
almost  a  fifth  of  the  circumference.  The  second  fracture  IT  did  not 
go  quite  round,  but  opened  about  }  inch  on  the  bottom  side.  The 
section  of  the  yard.  Fig.  45,  was  very  little  altered  by  the  load,  and 
the  top  shoired  very  little  sign  of  buckling. 

The  general  result  of  this  experiment  is  that  the  steel  yard  broke 
with  a  little  more  than  3|  tons  load,  and  with  4}  inches  deflection  ; 
whilst  the  wood  yard  required  8  tons  to  break  it,  with  a  deflection  of 
41  inches.  It  is  only  fair  to  obserre  however  that  in  the  manufacture 
of  this  Bteel  yard  some  of  the  plates  intended  to  be  used  were 
considered  of  inferior  quality,  having  proved  brittle  whilst  the  yard 
was  being  made  :  but  these  were  replaced  by  good  plates  at  the  time, 
80  far  as  they  could  be  discovered. 


The  Chairman  remarked  that  the  construction  of  iron  ships  was  a 
subject  of  such  vital  importance  in  a  large  seaport  like  Liverpool  that 
he  was  sure  the  excellent  paper  just  read  would  be  highly  appreciated 
bj  the  meeting,  and  they  would  feel  greatly  indebted  to  the  author  for 
having  prepared  it. 

Mr.  P.  D.  Bbnnett  asked  for  some  further  explanation  about  the 
mode  adopted  for  calculating  the  strength  of  an  iron  vessel  as  a 
girder.     He  could  understand  that  when  it  was  supported  at  the 
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two  ends  the  large  amount  of  metal  in  the  keel  and  bottom  of  the  hall 
formed  the  bottom  flange  of  the  girder,  resisting  the  strain  of  tension 
to  which  the  bottom  of  the  vessel  was  then  subjected;  bat  there 
appeared  to  be  so  little  metal  at  the  decks  of  the  ship  to  act  as  a  top 
flange  for  resisting  the  corresponding  compression  that  he  did  not  see 
how  a  vessel  could  be  treated  as  a  girder  in  that  waj.  And  in  the 
contrary  case  of  the  vessel  being  supported  in  the  centre,  it  then 
became  a  double  cantilever,  with  scarcely  any  top  flange  for  resisting 
the  tension,  and  an  excessive  bottom  flange  for  compression.  Moreover 
in  calculating  the  strength  of  wrought  iron  box-girders  it  was  usual 
not  to  include  the  sides  in  the  calculation,  but  only  the  top  and  bottom 
members  of  the  girder  ;  and  he  enquired  how  the  sides  of  the  vessel 
were  taken  into  the  account  in  calculating  the  strength  of  a  ship  when 
it  was  treated  as  a  girder,  as  in  the  present  paper. 

Mr.  Ybrnon  replied  that  he  had  not  attempted  to  apply  to  the  case 
of  a  ship  any  arbitrary  formula  such  as  was  used  for  ordinary  box 
girders ;  because,  although  such  a  formula  could  be  safely  employed 
for  rectangular  box  girders,  from  their  general  correspondence  in 
distribution  of  material,  yet  in  a  ship  the  special  form  in  which  the 
material  had  to  be  distributed  to  meet  the  carrying  and  floating 
requirements  necessitated  so  wide  a  departure  from  what  would  be  the 
most  effective  distribution  of  the  material  in  a  box  girder,  that  to  treat 
the  vessel  as  a  box  girder  could  not  afiford  any  satisfactory  results. 
In  the  ship  accordingly  the  plan  he  had  taken  had  been  to  collect 
together  the  sections  of  metal  in  the  entire  midship  section  of  the 
vessel,  grouping  the  whole  into  a  few  separate  portions  at  the 
points  where  the  greater  mass  of  the  material  was  situated  ;  and 
the  result  was  a  section  of  solid  girder  of  the  form  shown  in  the 
diagram.  Fig.  4,  Plate  33,  having  two  upper  flanges  corresponding 
in  position  to  the  upper  and  lower  decks,  and  one  bottom  flange 
corresponding  to  the  keel  and  bottom  of  the  vessel,  the  chief  portion 
of  the  material  being  by  the  construction  of  the  vessel  mainly 
concentrated  at  those  three  parts.  The  sides  of  the  ship  however 
necessarily  contained  also  a  large  portion  of  material,  and  when 
brought  together  in  the  same  way  they  formed  the  middle  vertical 
web  in  the  girder ;    and  then  the  ultimate  breaking  strength  of  the 
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^hole  was  calculated  approximately  by  taking  the  area  of  each  of 
tlie  three  flanges  and  also  of  the  middle  web,  and  taking  the  distance 
of  the  centres  of  gravity  from  the  neutral  axis,  as  the  leverage  at 
which  the  several  areas  acted  to  resist  the  strain ;  allowing  for  the 
difference  in  ultimate  strength  of  the  material  under  tension  and  under 
compression.  By  this  means  two  positions  of  the  neutral  axis  were 
arrived  at,  one  when  the  ship  was  supported  at  the  ends,  and  the 
other  when  it  was  supported  in  the  middle ;  in  the  latter  case  the  two 
upper  flanges  of  the  diagram  girder,  corresponding  to  the  material  in 
the  upper  and  lower  decks  of  the  ship,  were  in  tension,  acting  then 
hke  the  bottom  flange  of  an  ordinary  box  girder.  By  this  mode 
of  procedure  he  had  attempted  to  arrive  at  an  approximate  estimate  of 
the  ship's  strength,  endeavouring  to  give  neither  too  much  nor  too 
little  value  to  any  portion  of  the  material,  but  to  take  as  nearly  as  was 
practicable  the  efifective  value  of  each  portion  corresponding  to  its 
actual  position  in  the  construction  of  the  vessel :  and  the  object  being 
to  institute  a  comparison  between  the  strengths  of  iron  and  wood 
vessels  of  similar  form  and  size,  the  calculation  though  not  assumed 
to  be  absolutely  correct  would  afford  a  relative  result  of  very 
considerable  correctness. 

Mr.  T.  R.  Arnott  observed  that  the  addition  of  a  pair  of 
longitudinal  box  girders  or  strong  deck  beams  had  been  recommended 
by  Mr.  Fairbaim,  for  strengthening  the  upper  portion  of  the  section 
of  iron  ships  to  resist  the  strains  of  tension  and  compression;  as 
there  appeared  a  deficiency  of  material  at  that  part  in  the  present 
construction  of  iron  ships,  when  considered  as  a  girder  subjected  to 
vertical  strain. 

Mr.  Ybrnon  said  the  deficiency  of  material  in  iron  ships  was 
certainly  in  the  upper  deck,  as  pointed  out,  and  that  was  therefore 
the  place  where  any  additional  material  ought  to  be  put;  and  no 
doubt  the  addition  of  longitudinal  box  girders  as  had  been  suggested 
was  highly  desirable  and  would  greatly  increase  the  strength  of  the 
vessel.  The  paper  that  had  been  read  had  been  confined  to  the  actual 
practice  at  the  present  time  in  building  iron  and  wood  ships,  for  the 
purpose  of  enquiring  into  the  safety  and  correctness  of  the  present 
mode  of  construction ;  and  the  same  principles  of  investigation  would 
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be  applicable  to  anj  new  distribution  of  material  which  might  be 
adopted  for  obtaining  greater  strength  in  the  ship. 

Mr.  H.  W.  Uarhan  observed  that  the  question  of  the  relative 
value  of  punched  holes  and  drilled  holes  in  rivetted  work,  which  had 
been  referred  to  in  the  paper,  was  really  a  very  important  one 
at  the  present  time  when  iron  entered  so  largely  into  all  sorts  of 
structures.  Although  drilled  holes  were  thought  to  be  necessarily 
the  best,  yet  he  considered  the  old  fashioned  punched  holes  had  some 
advantages,  the  principal  of  which  was  that  the  punching  afforded 
a  rough  test"  to  the  workmen  as  to  the  quality  of  the  iron  punched, 
leaving  minute  cracks  in  the  burrs  punched  out  in  the  case  of  bad  or 
inferior  iron,  which  were  of  great  value  in  disclosing  the  quality  of  the 
metal :  whereas  drilling  afforded  no  such  test,  passing  equally  through 
bad  or  good  material,  without  furnishing  any  such  indication  of  the 
quality.  He  therefore  thought  punching  furnished  a  vttlnable  criterion, 
and  was  not  likely  to  be  superseded  by  drilling,  except  in  particular 
classes  of  work  where  extreme  accuracy  of  the  holes  might  be  necessary. 
Punching  had  also  the  advantage  that  the  punch  inevitably  made  the 
holes  slightly  taper,  giving  the  effect  of  a  countersink ;  so  that  if 
two  plates  were  rivetted  together  with  the  smaller  ends  of  the  holes 
inwards,  a  rivet  would  remain  secure  in  its  place  and  hold  the  plates 
together  even  without  its  head  :  but  in  drilled  holes  if  a  rivet  lost  its 
head  there  was  nothing  to  bind  the  plates  together.  Thus  for  all 
commercial  purposes,  and  where  anything  like  good  quality  of  iron 
was  used,  punching  would  still  appear  to  be  preferable  to  drilling. 

Mr.  Ybrnon  concurred  in  the  value  of  punching  as  a  test  of  the 
quality  of  the  iron,  and  did  not  think  the  substitution  of  drilled  holes 
would  be  attended  with  any  great  advantage  in  iron  shipbuilding. 
He  showed  two  sections  of  plates  rivetted  together,  one  with  punched 
holes  and  the  other  with  drilled  holes,  from  which  it  was  seen  that 
the  rivets  filled  the  punched  holes  quite  as  well  as  the  drilled  holes ; 
and  he  therefore  concluded  the  rivetting  would  not  be  benefitted  by 
drilling  the  holes  instead  of  punching  them.  Certainly  punching  was 
a  quick  and  ready  means  of  ascertaining  the  quality  of  the  iron  by 
examining  the  holes  made  and  the  burrs  punched  out:  if  the  iron 
were  brittle  or  inferior,  the  burrs  would  be  much  starred,  showing  the 
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gnan  of  the  iron  disrapted  bj  punching ;  bnt  if  the  iron  were  of 
«k  good  iongh  quality^  the  burrs  kept  sound  and  showed  no  disruption 
of  the  metal.  There  was  certainly  some  convenience  in  the  slight 
oountersink  of  punched  holes,  for  giving  greater  security  to  two 
plates  rivetted  together  with  the  small  ends  of  the  holes  inwards  :  but 
ibis  would  not  be  the  case  with  three  such  plates  rivetted  together, 
where  there  would  be  an  undesirable  enlargement  of  the  rivet  hole  at 
some  one  part,  causing  a  tendency  rather  to  push  the  plates  apart 
in  the  act  of  rivetting  than  to  draw  them  together ;  and  in  practice 
therefore  where  three  or  more  plates  were  rivetted  together  with 
pnnched  holes  it  was  necessary  to  pass  a  rimer  through  the  holes, 
to  get  rid  of  the  slight  taper  and  make  them  more  nearly  parallel. 

Mr.  W.  Richardson  thought  it  would  be  rather  retrograding 
in  mechanical  principle  if  drilling  instead  of  punching  were  not 
persevered  in  for  rivetted  work,  and  even  extended  in  application. 
The  simple  question  was  whether  rivetted  plates  were  any  stronger 
with  punched  holes  than  with  drilled  holes,  and  his  own  opinion 
was  that  the  reverse  was  the  case ;  and  certainly  if  the  iron  of  the 
plates  were  of  inferior  quality  in  any  instance,  it  would  be  better  then 
to  drill  the  holes  rather  than  to  punch  them,  in  order  to  avoid  as 
far  as  possible  putting  any  strain  on  the  metal.  As  to  the  advantage 
of  the  conical  holes  obtained  by  punching,  the  countersink  could 
readily  be  made  in  drilling  by  using  a  countersink  or  slightly  conical 
drill ;  bnt  with  punched  holes  crooked  rivets  must  inevitably  occur, 
nnoe  it  was  impossible  to  get  the  punching  done  with  such  accuracy 
as  to  ensure  all  the  holes  being  truly  in  line  with  one  another  in  the 
two  plates  rivetted  together. 

Mr.  J.  J.  BiRGKEL  had  known  some  experiments  made  on 
punched  plates  by  a  member  of  the  Institution,  Mr.  W.  Anderson  of 
Dublin,  in  which  it  had  been  found  that  the  iron  was  considerably 
deteriorated  in  strength  by  punching  the  holes,  as  compared  with 
drilling  them. 

Mr.  Ybrnon  said  that  although  the  act  of  punching  must  of 
course  be  to  a  certain  extent  injurious,  by  throwing  some  strain  upon 
the  iron  surrounding  the  hole,  yet  it  was  found  in  practice  that,  by 
properly  proportioning  the  welt  or  overlap  of  the  plates,  excellent 
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joints  were  made  in  rivetted  work  with  punched  holes»  and  the 
work  so  rivetted  was  not  deficient  in  strength  at  the  joints  compared 
with  other  parts.  As  to  the  relative  value  of  punched  holes  and 
drilled  holes,  he  was  not  able  to  express  a  preference  for  either  as 
absolutely  superior  to  the  other,  and  could  merely  state  that  from 
present  experience  the  drilled  holes  for  rivetting  did  not  appear  to 
have  any  advantage  over  punched  holes  for  the  purposes  of  iron 
shipbuilding. 

Mr.  J.  MoF.  Orat  remarked  that  the  experiment  which  had  been 
described  as  to  the  relative  strength  of  wood  and  steel  spars  showed 
that,  when  the  spars  were  exposed  only  to  the  strains  produced  by 
dead  weights,  their  strengths  were  as  two  to  one.  But  the  disparity 
of  strength  would  have  been  found  much  greater  if  the  spars  had  been 
tested  by  blows  by  a  weight  falling  from  a  height,  instead  of  by  a 
dead  weight  simply  resting  on  the  spar.  In  practice  more  breakages 
were  caused  by  a  sudden  blow  or  jerk,  as  in  the  case  of  a  chain  riding 
and  slipping  a  link,  than  by  any  steady  pressure  or  strain  upon  the 
spar.  He  enquired  how  much  heavier  the  steel  spar  would  have  to 
be  made,  in  order  to  be  as  strong  as  the  wood  spar  in  withstanding  a 
blow. 

Mr.  Vernon  replied  that  he  had  not  attempted  testing  the 
spars  by  the  blow  of  a  falling  weight,  but  had  loaded  them  with 
gradually  increasing  weights,  as  described  in  the  paper,  until  they 
broke  under  the  load.  He  had  not  ascertained  the  weight  of  steel 
that  would  be  required  to  make  a  spar  as  strong  as  the  wood  spar 
had  proved  :  but  in  addition  to  its  greater  strength  the  superior 
elasticity  of  the  wood  spar  was  certainly  remarkable,  the  deflection 
amounting  to  as  much  as  41  inches  or  nearly  l-16th  of  its  length 
immediately  before  breaking  under  the  load  of  8  tons,  whereas  the 
steel  spar  deflected  only  4|  inches  or  less  than  l-8th  of  the  amount 
before  breaking  under  3g  tons  load. 

The  Chairman  observed  that  among  the  sections  of  iron  now 
employed  in  the  construction  of  iron  ships  there  were  some  of  very 
large  size,  as  shown  in  the  drawings  exhibited,  and  he  enquired  where 
the  rolling  of  such  large  sections  was  carried  on,  some  of  them  being 
as  deep  as  16  inches  and  60  feet  long  all  in  one  length. 
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Mr.  E.  Rbtholds  said  lie  had  seen  solid  rolled  beams  12  Inches 
deep  with  flanges  5  inches  wide  at  top  and  bottom,  and  believed  some 
rather  larger  sections  had  been  attempted  in  France ;  but  that  appeared 
to  be  the  extent  to  which  the  rolling  could  be  carried  at  present,  as 
such  a  depth   of  section  made   it  necessary  to  start  with  a  pile  of 
extrayagant  dimensions,  and  to  hare  a  large  number  of  grooves  in 
the  rolls  to  redace  the  thickness  of  the  metal  very  gradually  ;   because 
in  the  process  of  rolling  those  large  sections  each  passage  of  the  iron 
through  the  rolls  would  reduce  the  middle  web  perhaps  20  per  cent, 
in  thickness,  while  the  top  and  bottom  flanges  would  be  reduced  only 
5  per  cent.,  causing  an  undue  stretch  on  the  flanges  which  tore  th^m 
unless  the  iron  were  very  good ;   so  that  great  practical  difficulty  was 
experienced  in  rolling  the  girder  sound.    He  had  seen  the  large  beams 
made  at  Butterley  for  the  "  Warrior,"  16  inches  deep  and  60  feet  long; 
but  those  oould  hardly  be  called  solid  rolled  girders,  being  almost  as 
much  built  up  as  if  they  had  been  rivetted ;  they  were  built  up  of  two 
T  irons,  each  made  of  two  or  three  lengths  welded  together,  forming 
respectiwely  the  upper  and  lower  half  of  the  girder,  and  these  were 
then  welded  together  along  the  centre   of  the  web  throughout  the . 
entire  length,  a  special  bar  of  H  section  being  inserted  between  the 
upper  and  lower  T  irons  and  clipping  the  edges  of  both,  the  heating 
being  accomplished  by  moveable  fires  and  the  welding  by  hammers 
striking    simultaneously  on   opposite   sides,    welding  the    different 
portions  of  the  whole  length  successively.      Great  difficulty  had  been 
experienced  in  accomplishing  this  at  first,  but  now  the  process  was 
sueoessfully  managed :   and  the  Y  irons  were  easily  rolled  of  large 
dimensions,  for  by  passing  them  edgeways  and  flatways  successively 
through  the  rolls   the  work  done  upon  the  iron  by  the  rolls  was 
equalised  throughout  the  entire   section   of  metal.     Girders  manu- 
fftctured  by  this  plan  had  been  shown  at  the  Exhibition  of  last  year, 
4  feet  deep  with  flanges  9  inches  wide ;    and  it  was  clear  that  was  by 
no  means  the  limit  of  size  if  beams  were  built  up  in  that  way  by 
welding. 

Mr.  T.  W.  Plum  said  he  had  superintended  the  rolling  of  the  large 
rolled  beam  shown  in  last  yearns  Exhibition,  12  inches  deep  with  top 
and  bottom  flanges  5  inches  wide,  which  was  rolled  at  the  Blaenavon 
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Iron  Works  in  one  solid  section;  it  was  passed  throngh  only  five 
grooyes  in  the  rolls  after  leaving  the  roughing  rolls,  and  was  upwards 
of  40  feet  long  and  1  ton  weight ;  though  not  so  perfect  as  it  might 
have  been  with  further  experience,  it  was  the  first  beam  rolled  of  so 
large  a  section  and  so  great  length.  A  large  quantity  of  beams  of  the 
same  section  but  shorter  lengths  had  since  been  rolled  at  Blaenayon, 
and  there  was  no  real  difficulty  in  rolling  beams  of  that  section  as  long 
as  60  feet  in  a  single  length.  It  was  merely  a  question  of  the  extent 
of  furnace  accommodation  that  was  available  for  reheating,  since  such 
a  section  of  beam  would  require  reheating  three  or  four  times  during 
the  operation  of  rolling.  In  the  formation  of  the  pile  for  these  heavy 
sections  it  was  quite  necessary  to  have  a  shaped  pile,  built  up  into 
something  of  the  shape  of  the  ultimate  section  required ;  otherwise 
sixteen  or  seventeen  grooves  in  the  rolls  would  be  needed  for  working 
it  down  gradually  to  the  finished  dimensions.  The  outlay  necessary 
for  producing  such  work  was  too  great  to  make  it  commercially 
profitable,  unless  the  demand  were  large.  The  welding  process 
employed  at  Butterley,  as  had  been  described,  would  no  doubt  make 
good  work ;  but  he  thought  that,  as  the  demand  increased,  beams  rolled 
all  solid  would  be  produced  of  still  larger  sections  and  greater  lengths 
than  had  yet  been  done. 

Mr.  Vernon  said  he  had  not  found  in  practice  that  such 
extraordinary  lengths  of  beams  were  required  according  to  the  present 
construction  of  iron  ships.  The  introduction  of  the  forms  of  iron 
deck  beams  shown  in  the  sections,  Plate  88,  was  due  to  his  late 
father  and  Mr.  Kennedy ;  they  had  proved  very  successful,  and  their 
adoption  had  now  become  universal  in  iron  shipbuilding.  The  several 
sections  of  iron  shown  in  the  drawings  were  those  actually  used  in 
ships  at  the  present  time ;  but  probably  no  limit  could  be  assigned,  as 
far  as  the  requirements  of  deck  beams  were  concerned,  to  the  sections 
and  lengths  that  would  hereafter  be  produced  by  rolling. 

Mr.  Maxwell  Boott  observed  that  in  the  section  shown  of  the 
ordinary  construction  of  iron  ships  there  did  not  appear  to  be  any  box 
girders  rivetted  on  either  side  of  the  hatchways  on  the  upper  deck, 
running  the  length  of  the  vessel,  which  would  add  materially  to  the 
strength ;  and  he  enquired  whether  the  strength  of  the  iron  ships  was  ' 
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tound  by  calculation  to  be  snffident  withont  these,  and  vbetlier  the 
Bection  as  shown  was  all  that  was  required  by  Lloyds'  rules. 

Mr.  Ybbkon  replied  that  box  girders  rivetted  on  each  side  of  the 
hatchways  in  the  decks  were  certainly  a  great  advantage  to  the 
strength  of  the  npper  portion  of  an  iron  ship,  preventing  the  decks 
from  being  at  all  weakened  by  the  holes  left  in  them  for  the 
hatchways.  Bnt  he  had  not  shown  any  girders  at  those  parts  in  the 
section  of  vessel  exhibited  in  the  diagram,  as  that  was  intended 
to  represent  only  the  actual  strength  of  iron  vessels  as  at  present 
built  in  accordance  with  Lloyds'  rules,  which  did  not  require  any 
provision  of  box  girders  alongside  the  hatchways.  Many  iron  ships 
of  that  size,  1200  tons  burthen,  carried  their  cargo  over  long 
voyages  without  sufifering  any  injury  from  the  absence  of  this 
provision;  but  in  larger  vessels  he  considered  the  box  girders  at 
those  places  would  probably  be  needed  for  the  safety  of  the  ship, 
in  addition  to  the  usual  box  stringers  added  to  the  decks  of  large 
ships. 

The  Chairmah  remarked  that  it  appeared  from  the  calculations 
given  in  the  paper  that  the  main  defect  in  iron  ships  as  at  present 
constmcted  was  a  deficiency  of  strength  in  the  upper  portion,  and  he 
believed  several  instances  had  occurred  of  iron  vessels  having  their 
decks  seriously  strained  in  severe  weather,  and  even  their  sides  partiy 
torn  at  the  top,  for  want  of  the  additional  strength  at  that  part  which 
would  be  obtained  by  box  girders  along  the  deck. 

With  regard  to  the  comparison  between  the  wood  and  steel  spars, 
the  results  obtained  from  the  experiment  were  certainly  very 
remarkable,  as  it  would  have  bcfen  expected  from  all  former  experience 
that  the  steel  spar  would  show  a  greater  amount  of  elasticity.  There 
was  some  doubt  however,  it  appeared,  whether  the  metal  had  not 
been  strained  previously  in  the  manufacture  of  the  steel  spar ;  and 
he  thought  the  place  at  which  it  broke  indicated  this,  the  breakage 
having  been  first  at  a  point  only  6  feet  distant  from  the  end  of  the  spar. 
The  saving  of  weight  obtained  by  the  substitution  of  steel  masts  and 
yards  would  be  a  great  benefit  to  the  sailing  of  the  ship  ;  but  in  the 
steel  spar  experimented  upon  there  seemed  a  deficiency  of  material, 
and  the  rednction  of  weight  had  perhaps  been  carried  rather  too  far 
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in  that  particalar  instanoe.  A  more  important  consideration  howeyer 
in  practice  than  the  ultimate  breaking  strength  of  the  steel  spar  was 
its  safe  elastic  limit;  because  practically  the  object  to  be  aimed  at  was 
that  the  spar  should  be  made  so  strong  as  never  to  be  likely  to  receive 
any  permanent  set  from  any  strain  that  it  might  be  expected  to  meet 
with  in  the  ship.  The  great  advantage  of  steel  in  this  respect  had  he 
understood  been  foudd  by  Mr.  Mallet  to  be  that  its  safe  elastic  limit 
was  very  high  compared  with  that  of  iron  :  and  in  order  to  make  the 
comparison  complete,  he  would  have  wished,  had  it  not  been  for  the 
great  expense  of  the  experiments  by  the  breakage  of  such  costly  spars, 
that  a  third  spar  of  iron  had  been  tried  in  the  same  way  as  the  wood 
and  steel  spars,  and  all  three  of  them  in  reference  to  the  safe  elastic 
limit  of  each. 

Mr.  Ybrkon  remarked  that,  in  reference  to  the  deficiency  of 
strength  which  had  been  shown  to  exist  in  iron  ships  from  the 
want  of  longitudinal  box  girders  in  the  decks,  he  had  ^deavoured 
rather  to  arrive  at  a  clear  and  tolerably  accurate  comparison  of  the 
relative  strength  of  iron  and  wood  ships  under  the  two  extreme 
circumstances  to  which  they  might  be  exposed,  than  to  establish  the 
superiority  of  either  or  to  advocate  any  particular  mode  of  construction 
in  preference  to  others  for  the  iron  ships.  The  general  result  he  had 
arrived  at,  as  stated  in  the  paper,  was  that  if  a  ship  were  supported  in 
the  worst  position  for  its  strength,  namely  at  the  two  ends,  the  iron 
ship  would  be  about  one  eighth  deficient  in  strength  and  the  wood  ship 
one  sixteenth  deficient ;  whereas  if  supported  in  the  middle,  the  iron 
ship  would  have  an  excess  of  atrength  of  one  eighth  and  the  wood 
ship  an  excess  of  one  sixteenth. 

In  the  steel  spar  that  had  been  experimented  upon  it  seemed 
curious  that  the  point  where  the  breakage  first  occurred  should  be  so 
near  the  end  of  the  spar;  but  it  must  be  mentioned  that  the 
longitudinal  steel  angles  rivetted  along  the  inside  of  the  spar, 
as  shown  in  the  transverse  section.  Fig.  45,  Plate  48,  terminated 
about  one  foot  short  of  the  point  of  fracture,  and  therefore  the 
spar  was  defective  in  construction,  having  a  sudden  change  of 
strength  at  that  place.  The  experiment  on  the  two  spars  had 
certainly  been  a  very  costly  one,  and  he  would  have  hesitated  to 
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imdeiiake  it  bnt  for  the  fact  that  no  experiment  on  a  reduced  scale 
would  have  been  satisfactory  in  disclosing  whether  the  coarse  now 
being  pursued  in  the  construction  of  steel  spars  was  a  safe  one. 
The  subject  was  felt  to  be  one  of  so  great  practical  importance  that 
one  gentleman  engaged  in  the  manufacture  of  steel  had  liberally 
offered  to  repeat  the  experiment  on  the  steel  spar  at  his  own  cost,  in 
order  to  obtain  a  result  free  from  any  doubt  as  to  the  quality  of 
the  material  employed'  and  the  perfect  construction  of  the  spar. 
Although  the  present  experiment  showed  that  the  steel  spar  was 
inferior  to  the  wood,  it  did  not  determine  whether  this  was  due  to  an 
inferior  quality  of  material  being  used  for  the  steel  spar,  or  whether  a 
spar  made  with  the  same  weight  of  good  steel  would  still  be  weaker 
than  the  wood  spar.  He  therefore  hoped  to  be  able  before  long  to  give 
the  results  of  farther  experiment  on  the  subject,  that  a  satisfactory 
conclusion  might  be  arrived  at,  enabling  iron  shipbuilders  to  make 
steel  spars  of  equal  strength  with  the  best  wood  spars. 

The  Chaibmak  moved  a  vote  of  thanks  to  Mr.  Vernon  for  his 
paper  and  the  valuable  information  he  had  supplied,  which  was  passed. 


The  following  paper,  communicated  through  Mr.  John  Pearson, 
was  then  read  : — 
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ON  THE  EFFECTS  OF  SURFACE  CONDENSERS 
ON  STEAM  BOILERS. 

Bt  Mb.  JAMES  JAOE,  of  Liyerfool.  "^ 


Some  three  or  four  jears  ago  condensation  of  the  exhaust  steam 
from  marine  engines  by  surface  contact  was  looked  upon  as  an 
experiment,  and  few  steam  ship  owners  could  be  induced  to  trj 
this  system,  which  was  new  to  them :  and  notwithstanding  the 
development  and  complete  buccess  of  tubular  surface  condensers,  both 
in  merchant  ships  and  in  the  nayy,  more  than  a  quarter  of  a' century 
ago,  and  the  reduction  thereby  effected  in  the  consumption  of  fuel,  the 
pbjection  was  raised  that  surface  condensation  could  not  haye  the 
advantages  alleged,  or  it  would  never  have  been  discontinued.  At  the 
present  time  however  it  is  no  longer  an  experiment,  but  a  reality : 
for  not  only  have  surface  condensers  been  largely  introduced  with  new 
engines,  but  in  many  cases  injection  condensers  have  been  taken  out 
of  working  vessels  and  surface  condensers  put  in  their  place.  As  the 
tmter*s  firm  has  constructed  and  fixed  a  considerable  number  of 
surface  condensers  during  the  last  three  or  four  years,  and  as  certain  ' 
actions  have  been  found  to  take  place  on  the  tubes  and  plates  of  the 
boilers  with  these  surface  condensers,  of  such  a  character  that  the 
full  advantages  of  the  use  of  distilled  water  could  not  with  impunity 
be  obtained,  it. is  the  purpose  of  the  present  paper  to  give  the 
particulars  of  these  efifects.  The  effects  produced  upon  boilers  where 
surface  condensers  are  used  must  have  been  noticed  by  many- 
engineers,  and  the  object  of  the  paper  is  therefore  to  induce  discussion 
upon  the  subject  and  elicit  information  which  will  enable  the  great 
advantages  in  the  saving  of  fuel  resulting  from  the  employment  of 
surface  condensers  to  be  realised.  As  the  boilers  where  surfaoe 
condensers  are  used  are  insidiously  and  rapidly  acted  on,  the  danger 
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of  delay  and  of  accident  from  explosion  is  thereby  greatly  increased, 
rendering  the  question  one  of  serious  importance. 

8arface  condensation  may  be  considered  an  old  idea :  for  Savery 
adopted  the  principle  in  1698  in  what  may  be  called  the  first  steam 
engine,  having  applied  cold  water  to  the  outside  of  the  cylinder  ;  and 
•Ten  Watt  devoted  much  time  to  it,  although  he  afterwards  finally 
abandoned  it,  stating  that  the  objection  of  the  size  and  expense  of  the 
tabular  condenser  for  large  engines  made  him  resolve  to  sacrifice  part 
of  the  power  to  convenience,  and  to  employ  large  pumps.  It  was 
about  1832  that  surface  condensation  became  practically  carried  out. 
Mr.  Samuel  Hall  having  seen  its  advantages  constructed  a  surface 
condenser  consisting  of  a  casing  containing  a  number  of  small  tubes  ; 
and  succeeded  in  overcoming  the  difficulty  of  making  a  tight  joint 
between  the  water  and  steam  spaces,  which  should  allow  for  the 
expansion  and  contraction  of  the  tubes.  These  condensers  were 
introduced  into  both  naval  and  mercantile  ships  ;  but  although 
attended!  with  considerable  advantages  they  ultimately  fell  into  disuse. 
Several  modifications  have  since  been  proposed  with  different 
arrangements  and  constructions  of  the  tubes,  with  the  water  inside 
instead  of  outside  the  tubes,  or  with  a  combined  jet  and  surface 
condensation.  There  was  a  difficulty  at  first  in  obtaining  some 
effective  packing  for  the  ends  of  the  tubes:  but  after  the  long 
experience  of  india-rubber  for  the  purpose  it  may  now  be  pronounced 
a  snccess ;  for  out  of  many  thousands  of  joints  which  the  writer's 
finn  have  made,  not  a  single  case  of  leakage  has  occurred. 

Surface  condensation  is  a  process  by  which  both  the  sensible  and 
the  latent  heat  of  the  steam  are  conveyed  away ;  and  although  the 
adoption  of  any  new  system  is  necessarily  slow,  the  writer  does  not 
doubt  but  that  surface  condensation  will  ultimately  entirely  supersede 
the  jet.  There  are  evils  however  which  require  remedying  before 
surface  condensation  can  be  universally  adopted  for  steam  ships  ;  .  not 
in  the  condenser  itself,  but  in  the  effects  produced  on  the  boilers  by 
distilled  water  or  something  contained  in  it  resulting  from  surface 
condensation.  The  writer  will  accordingly  refer  first  to  the  effects  of 
surface  condensation  on  the  boilers,  and  secondly  to  the  probable 
cause  of  this  destructiye  action. 
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A  number  of  marine  boilers  which  haye  come  under  the  writer's 
observation,  and  may  for  convenience  be  distinguished  by  the  letter  A, 
had  been  in  use  for  longer  or  shorter  periods,  none  less  than  six 
months,  supplying  steam  to  engines  having  injection  condensers. 
Salt  water  had  been  used  for  feeding  the  boilers,  and  a  considerable 
incrustation  had  consequently  taken  place.  Without  going  to  the 
trouble  and  expense  of  cleaning  these  boilers,  they  were  sent  to  sea 
immediately  after  the  surface  condensers  were  fitted  in.  Everything 
went  on  satisfactorily,  and  on  returning  from  the  first  voyage  the 
boilers  were  examined.  It  was  found  that  the  greater  portion  of  the 
incrustation  had  fallen  off,  and  that  the  surfaces  of  the  boilers,  that  is 
the  inner  surfaces,  were  in  very  good  condition  for  transmitting  heat, 
showing  that  the  adoption  of  distilled  water  for  feed  had  been 
advantageous.  Boilers  of  this  class  have  uniformly  had  the 
incrustation  nearly  all  removed  by  the  action  arising  from  the  use  of 
the  surface  condensers  during  the  first  voyage,  a^d  in  every  case  the 
surfaces  of  the  boilers  have  been  found  in  good  condition  and  still 
remain  so,  some  of  them  now  for  as  long  a  term  as  four  years. 
Indeed  surface  condensation  has  here  been  in  every  sense  a  decided 
success. 

The  appearance  of  the  inside  of  the  boilers  however  was  not  that 
of  clean  iron.  The  surface  seemed  to  be  impregnated  with  some 
greyish  matter,  or  to  be  altered  in  its  chemical  nature.  That  this 
impregnation  or  alteration  of  the  surface  prevented  and  still  prevents 
injurious  action  on  the  metal  will  be  gathered  from  a  description  of 
another  lot  of  marine  boilers,  distinguished  by  the  letter  B,  which 
were  in  all  cases  new  boilers,  sometimes  with  new  engines  and  surface 
condensers,  in  other  instances  with  old  engines  and  new  surface 
condensers.  In  port,  before  starting,  a  number  of  these  boilers  were 
filled  with  fresh  water,  while  another  number  were  filled  with  salt 
water.  An  examination  after  the  first  voyage,  during  which  only 
distilled  water  had  been  used  for  feeding  the  boilers,  showed  the 
following  effects,  which  were  increased  in  every  subsequent  voyage, 
until  the  practice  was  adopted  of  feeding  with  say  from  one  sixth  to 
one  tenth  of  salt  water.  First,  both  above  and  below  the  water  line 
the  surfaces  of  the  plates,  tubes,  and  rivets  were  covered  with  a 
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deposit  resembliog  hydrated  oxide  of  iron,  which  when  the  water  was 
eyaporated  was  in  the  state  of  a  fine  impalpable  brownish  coloured 
powder.  This  deposit  was  thickest  above  the  water  line,  sometimes 
averaging  i  inch  thick.  When  the  boilers  were  emptied  a  thick  slimy 
deposit  adhered  all  over  the  inside,  an  analysis  of  which  showed  that 
it  consisted  of 

Qzide  of  Iron 77*50 

Moisture »    19*75 

Grease 0*85 

Sulphate  of  Lime 0*80 

Oxide  of  Copper 0*60 

Traces  of  Alumina  and  Chloride  of  Sodium  and  Magnesium 

Loss  ....      0*50 

100*00 

Secondly,  underneath  this  deposit  the  plates  and  tubes  were  found 
to  be  eaten  into,  indented,  or  '^  pitted."  The  indentations  varied  in 
diameter  from  the  smallest  speck  to  f  inch,  and  in  depth  from  the 
merest  impression  to  the  entire  thickness  of  the  plates  or  tubes.  And 
although  they  were  formed  all  over  the  boilers,  they  were  most 
frequently  found  and  were  most  numerous  just  over  the  fireplaces, 
and  in  those  parts  immediately  in  connexion  with  the  greatest  heat. 
In  some  of  these  parts  the  surface  was  entirely  covered  with  the 
indentations ;  while  in  other  parts  as  much  as  a  square  foot  of  plate, 
although  subjected  to  the  greatest  heat,  was  free  from  them.  The  plates 
and  tubes  in  all  cases  have  been  of  the  best  iron  and  by  good  makers, 
and  the  'Spittings"  occur  in  what  looks  like  iron  of  good  quality 
with  a  good  fibre,  no  slag  or  cinder  Being  perceptible.  So  destructive 
was  this  pitting  in  boilers  using  the  same  water  over  and  over  again, 
that  in  one  instance  the  tubes  of  new  boilers  were  actually  eaten 
through  at  the  end  of  two  or  three  voyages,  extending  over  only  a  few 
months  altogether,  and  it  became  necessary  to  put  in  new  tubes,  and  to 
use  a  portion  of  salt  water  for  feed  to  keep  up  an  incrustation,  so  that 
the  boilers  should  not  be  acted  upon.  If  the  iron  of  the  boilers  had 
been  all  of  one  make,  it  would  naturally  have  been  concluded  that  the 
pitting  was  due  to  the  quality  of  the  iron ;  but  as  the  iron  of  different 
boilers,  had  been  obtained  from  different  makers  from  time  to  time, 
the  quality  of  the  iron  could  not  be  blamed. 
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The  presence  in  the  boiler  of  a  soft  metal,  such  as  copper  from  the 
condenser  tabes,  it  was  considered  woald  induce  a  galvanic  action  such 
as  might  afifect  the  iron  in  some  way.  But  the  analysis  which  was 
made  of  the  deposit  scraped  from  the  boiler  shows  that  there  was 
scarcely  a  trace  of  any  foreign  metal  there.  Indeed  it  might  have 
been  concluded  that  a  soft  metal  could  not  be  present,  for  the  tubes  of 
the  condenser  and  the  copper  pipes  were  all  in  a  perfect  condition. 
Even  at  the  joints,  made  tight  by  india-rubber  hardened  by  vulcanising, 
there  was  scarcely  a  speck  of  corrosion. 

A  search  was  then  made  to  ascertain  whether  the  gluey  deposit 
was  present  that  arises  from  the  decomposition  of  the  tallow  and 
oil  used  for  lubrication  ;  as  the  writer  had  frequently  heard  that  such 
a  deposit  took  place  in  boilers  where  Hall's  surface  condensers  were 
used.  For  the  purpose  of  ascertaining  this  the  mud  cocks  of  a 
vessel  were  not  opened  for  some  time  before  arriving  in  port ;  and 
the  fires  were  then  put  out  on  arrival  and  the  mud  discharged,  when 
the  only  substance  found  was  the  watery  brownish  deposit  before 
referred  to.  The  deposit  remaining  in  the  bottom  of  the  boiler  was 
carefully  examined,  but  here  again  there  was  only  the  same  deposit. 
As  it  was  believed  that  the  lubricating  material  carried  into 
the  boilers  with  the  feed  might  by  continued  subjection  to  heat  form 
an  acid  capable  of  producing  the  efifects  observed,  the  kind  of 
lubricating  material  employed  was  noticed,  in  order  to  ascertain 
whether  animal  or  vegetable  oils  acted  most  injuriously ;  but  it  was 
found  that  the  action  went  on  as  much  with  the  one  oil  as  with  the 
other.  In  case  however  a  fat  acid,  formed  as  already  mentioned, 
might  be  the  cause,  pieces  of  chalk  were  put  into  the  boilers,  and  from 
time  to  time  fresh  pieces  were  added ;  carbonate  of  soda  was  also 
mixed  with  the  feed  water  in  regular  doses :  but  all  to  no  purpose, 
the  action  went  on  getting  worse  and  worse. 

No  other  alternative  was  therefore  left,  nor  is  there  at  present  any 
other  as  far  as  the  writer  has  been  able  to  learn,  but  to  feed  the  boilers 
with  a  portion  of  salt  water  sufficient  to  keep  a  thin  incrustation  over 
the  surface  of  the  iron.  It  was  suggested  that  the  deposit  was 
nothing  else  than  rust  or  oxide  of  iron,  and  that  it  was  formed  by  the 
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dilorine  present  in  ihe  small  proportion  of  salt  water,  whidi  wonH 
oambine  viUi  the  hoa  to  form  chloride  of  iron ;  and  this  being 
readilj  decomposed  by  oxygen,  oxide  of  iron  would  resalt.  The 
difficulty  here  however  was  to  know  whence  the  oxygoi  was  obtained  ; 
fx  the  quantity  of  air  entering  with  the  feed  water  must  have  been 
▼eiy  small  indeed.  It  was  also  suggested  that  hydrochloric  acid  mighl 
be  present  from  the  small  quantity  of  sea  water  that  may  have  found 
its  way  into  the  boilers ;  but  then  the  difficulty  was  to  know  where  a 
quantity  of  the  acid  was  to  come  from  sufficient  to  act  over  sudi  an 
extended  surface,  and  so  rapidly  as  the  results  showed. 

It  was  found  however  by  Mr.  RoUo,  one  of  the  writer's  partners, 
that  in  a  pair  of  boilers  at  a  sugar  refinery  there  was  the  samco 
brownish  d^K>sit  adhering  all  over  the  boilers,  and  those  parts 
subjected  to  the  greatest  heat  were  '<  pitted"  in  precisely  the  aame 
mann»  as  the  second  lot  of  marine  boilers  previously  designated 
by  the  letter  B.  Exactly  the  same  effects  were  being  produced. 
These  boilers  were  supplied  with  the  same  water  over  and  over 
■gam,  a  small  quantity  of  fresh  water  being  added  from  time  io 
time  to  make  up  for  the  loss.  As  the  steam  was  passed  only  through 
inm  pipes  for  melting  the  sugar,  the  dami^e  to  the  boilers  oould 
not  result  either  from  the  steam  coming  in  contact  with  a  soft  metal, 
or  from  any  lubricating  material.  The  boilers  were  of  the  Oomish 
construction  with  one  flue,  and  were  worked  at  about  the  same 
pressure  as  the  marine  boilers  B  already  referred  to,  say  20  lbs. 
per  square  inch  pressure.  A  pair  of  boilers  of  exactly  the  same 
construction,  placed  alongside  the  first  pair  and  working  at  about 
the  same  pressure,  but  fed  with  water  which  had  not  been  distilled, 
were  then  examined  to  learn  what  state  they  were  in.  But  although 
put  in  about  the  same  time  as  the  two  first  examined,  these  boileito 
were  found  in  good  condition  and  likely  to  last  for  years,  as  there 
iris  not  a  sign  of  corrosion  or  ^'  pitting  ;"  whereas  the  two  boilers, 
working  with  distilled  water  had  to  be  repaired. 

The  practical  knowledge  thus  acquired  necessarily  led  to  the 
conclusion  that  the  distilled  water  itself  was  Ihe  cause  of  the  corrosion, 
instead  of  any  galvanic  action  or  any  &tty  acid.     In  reference  to  the 
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question  whether  distilled  water  has  any  particular  action  on  metals, 
the  chemist  Berthier  fonnd  that  nodolar  protuberances  deposited  on 
iron  pipes  containing  distilled  water  consisted  of  21  per  cent,  of 
protoxide  of  iron,  58  per  cent,  of  peroxide^  of  iron,  5  per  cent,  of 
carbonic  acid,  14^  per  cent,  of  water,  and  1-^  per  cent,  of  silica.  The 
iron  pipes  contained  also  a  pnlvemlent  substance,  which  could  be 
produced  at  pleasure  with  distilled  water  to  which  a  trace  of  carbonate 
of  soda  and  common  salt  had  been  added,  but  not  with  an  addition 
of  caustic  alkali.  Distilled  water  is  known  to  act  powerfully  on  lead, 
and  this  action  is  attributed  by  Dr.  Clark  to  the  remarkable  property 
that  distilled  water  has,  as  compared  with  ordinary  water,  of  dissolving 
free  carbonic  add. 

The  writer  does  not  presume  to  state  confidently  that  distilled 
water  is  really  itself  the  active  destroyer  of  iron  boilers ;  but,  from 
the  observations  that  have  now  been  referred  to  and  the  information 
he  has  been  enabled  to  obtain,  he  thinks  there  is  sufficient  evidence 
that  distilled  water  is,  if  not  the  sole  cause,  at  least  an  active-agent  in 
producing  the  corrosive  effects  that  have  been  described.  If  this 
suggestion  should  lead  to  the  remedy  of  the  evils  that  have  been 
experienced  where  distilled  water  alone  has  been  used,  another  difficulty 
will  have  been  overcome  towards  the  complete  introduction  of  surface 
condensers. 


Mr.  J.  Baxsbottox  said  he  had  been  much  interested  in  the  paper 
just  read,  and  the  conclusions  arrived  at  coincided  with  the  results  of 
his  own  experience  with  stationary  and  locomotive  engines,  not  with 
distilled  water  indeed,  but  with  peat  water  which  was  almost  as  pure 
as  distilled  water.  He  had  been  informed  that  the  boiler  of  the 
winding  engine  whidi  formerly  worked  the  Woodhead  Tunnel  on  the 
Sheffield  and  Manchester  line  was  corroded  through  in  a  very  short 
time,  being  fed  exdusively  with  the  peat  water  from  the  Yorkshire 
moors ;  and  on  putting  down  a  second  boiler  in  its  place  the  precaution 
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was  taken  of  mixing  with  the  peat  water  a  portion  of  water  from  one  ^ 
of  the  shafts,  the  result  of  which  was  that  the  corrosion  was  ahnost 
stopped,  but  an  incmstation  of  deposit  was  then  formed  inside  the 
boiler.  In  the  same  range  of  hills  he  found  that  the  locomotives 
working  the  Hnddersfield  and  Manchester  line  with  almost  pure  water 
had  their  boilers  corroded  in  the  same  way ;  and  he  had  now  adopted 
the  plan  of  putting  a  portion  of  carbonate  of  lime  in  the  tanks, 
to  prevent  the  corrosion. 

Mr.  C.  Mabkham  had  also  found  the  use  of  nearly  pure  water 
injurious  to  boilers,  and  the  evil  effects  continued  until  the  interior  of 
the  boiler  became  sufficiently  coated  with  calcareous  matter  to  prevent 
the  corrosion  going  on.  The  effect  produced  by  using  pure  water  in 
boilers  that  had  previously  been  worked  with  water  containing  a  great 
quantity  o£  lime  was  very  remarkable :  some  of  the  locomotives  x>n  the 
Midland  Railway  were  supplied  with  water  that  contained  much  lime, 
causing  a  great  deposit  in  the  boilers  ;  and  when  any  of  these  engines 
were  sent  down  to  Sheffield,  where  the  water  came  from  the  moors 
and  was  Tcry  pure,  the  effect  of  the  change  was  that  the  deposit  was 
speedily  removed  in  large  masses,  and  he  had  seen  a  barrowful  of 
the  calcareous  matter  removed  and  washed  out  of  a  locomotive  boiler 
after  it  had  worked  for  a  single  day  with  the  Sheffield  water.  So 
long  however  as  an  incmstation  of  lime  remained  on  the  plates  it  had 
the  advantage  of  protecting  them  from  any  injury  by  corrosion  from 
purer  water. 

Mr.  J.  MoF.  Grat  thought  the  ^'pitting"  observed  in  the  case 
of  locomotive  boilers  working  with  pure  water  was  due  to  the  brass 
tubes  used  in  the  boilers  :  for  on  examining  the  pitted  plates  by  the 
ndcroBCope  he  had  detected  a  minute  speck  of  brass  in  the  centre  of 
so  many  of  the  '^  pits  '*  as  he  thought  would  warrant  the  conclusion 
that  this  was  the  cause  of  all  the  pitting,  in  consequence  of  the  galvanic 
action  produced  by  the  particles  of  brass.  The  corrosion  of  the  iron 
had  accordingly  been  prevented  in  those  cases  by  suspending  a  piece  of 
mc  among  the  boiler  tubes,  which  neutralised  the  action  of  the  brass. 
The  pitting  had  not  been  so  extensive  in  the  hottest  plates  of  the 
boflers  as  in  other  parts,  because  at  the  hottest  parts  the  ebullition  of 
the  watdr  was  more  violent,  so  that  there  was  less  facility  for  the 


Digitized  by  VjOOQ  IC 


158  BFFECTB  or   smiVAOS   OOHDEiraEBS. 

particleB  of  brass  becoming  deposited  there  upon  the  plates  to  caosd 
the  corrosive  action.  From  the  paper  it  appeared  not  to  be  expected 
that  distilled  water  wonld  be  able  to  be  used  sncoessfnllj  in  boilers : 
but  if  the  difl&culty  arose  merely  from  the  water  used  being  distilled 
water,  it  might  easily  be  got  over  by  aerating  the  water,  since  the  only 
diifereiice  in  distilled  water  was  that  it  was  not  charged  with  air  like 
ordinary  water.  The  real  objection  he  considered  to  surface  condensation 
was  that  the  same  water  was  then  used  over  and  over  again  without 
thange ;  and  he  thought  this  must  be  the  reason  of  the  corrosion 
observed  in  the  boilers  of  sugar  refineries,  the  steam  being  condensed 
OTtfr  the  surface  of  the  evaporating  pans,  whereby  the  water  became 
in  course  of  time  impregnated  with  particles  of  brass  or  copper  from 
the  pans  and  pipes,  gradually  accumulating  in  the  unchanged  water. 
In  the  sugar  plantations  of  the  West  Indies,  where  there  was  a 
difficulty  in  getting  fresh  water  and  the  same  had  to  be  tised  over  and 
Over  again,  the  water  was  found  to  get  sour,  as  it  was  termed,  and 
became  more  and  more  injurious  to  iron  the  longer  it  was  used  without 
change.  He  therefore  thought  the  corrosion  observed  was  to  be 
Attributed  to  the  specks  of  brass  carried  into  the  boiler  by  the  water 
where  there  was  surface  condensation  of  the  steam. 

Mr.  D.  BoLLo  observed  that  the  object  of  the  paper  was  not 
to  discourage  the  use  of  surface  condensation,  but  to  point  oat  the 
difficulties  that  had  been  met  with  in  its  application,  with  a  view 
to  ascertaining  how  they  could  be  removed.  With  regard  to  llie 
boilers  at  ihe  sugar  refinery  that  had  been  referred  to,  the  corrosion 
«ould  not  he  thought  have  been  caused  in  that  case  by  the  presence  of 
brass  particles  in  the  water  ;  for  the  steam  passed  only  between 
l^e  two  vast  iron  plates  of  the  evnporating  pans,  and  when  condensed 
returiied  again  to  '^e  b(Aier,  without  coming  in  contact  witli  any  brass 
vt  all  in  the  appaimtus,  the  leakage  being  made  up  by  the  addition 
of  a  little  fresli  water.  ,  There  were  four  boilers  all  working  together, 
two  fed  with  liie  distilled  water  returned  from  the  evaporating  pans 
and  two  with  :&e&Ai  water :  the  two  latter  at  the  time  of  examination 
were  found  in  perfect  condition  after  four  years'  work,  having  only 
a,  large  deposit  or  scale  of  lime  over  1^  surface  of  the  iron ;  while 
the  other  two  fed  with  the  distilled  water,  after  the  same  time  of 
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working,  bad  become  quite  unsafe  from  corrosion  and  had  to  be  vei^ 

exteosiTely  repaired.     They  bad  tried  various  remedies  for  the  evil : 

suspending  zinc  plates  in  the  boilers,  but  with  what  result  bad  not  yet 

be^L  ascertained;  cast  iron  pipes  instead  of  copper  pipes  for  conye3ring 

the  steam  ;   and  tinned  tubes,  zinc,  and  galvanised  iron  tubes  in  the 

ecmdensers,  instead  of  brass.     Block  tin  tubes  had  also  been  tried, 

but  w«re  found  not  to  have  strength  enough  to  support  their  own 

weight  when  placed  horizontally.     All  these  trials  therefore  still  left 

the  question  of  the  cause  of  corrosion  undecided  :   but  he  thought  it 

conld  not  be  the  action  of  copper,  because  the  analysis  that  had 

been  made  of  the  deposit  found  in  the  boilers  using  surface  condensers 

showed  a  very  small  proportion  of  copper,  the  main  metallic  ingredient 

being  iron,  and  there  was  not  sufficient  copper  collected  from  the 

boilers  in  the  voyage  of  a  steamship  to  account  for  such  an  extent  of 

corrosion  as  was  met  with.     Where  much  grease  however  was  used  in 

the  engine  he  had  seen  the  inside  of  a  boiler  present  an  appearance 

which  be  thought  rendered  it  just  possible  that  the  fatty  matter  or 

adds  contained  in  the  grease  had  something  to  do  with  deteriorating 

the  quality  of  the  water  and  causing  its  corrosive  action. 

Mr.  H.  W.  Harman  thought  the  pitting  of  the  iron  plates  of 
boilers  was  not  to  be  attributed  to  the  presence  of  brass  or  copper 
tabes  in  the  boilers,  because  he  had  known  the  pitting  as  a  common 
occurrence  and  extremely  marked  where  the  boilers  were  entirely  of 
iron  and  there  was  no  brass  or  copper  near,  so  that  no  particles  of  those 
metals  could  have  got  deposited  in  the  boiler.  In  the  immediate 
neighbourhood  of  Manchester  he  had  seen  examples  of  extensive 
pitting  near  the  surface  of  the  water  in  the  interior  of  boilers  using 
the  town  water ;  and  it  was  remarkable  that  in  some  cases  the  alternate 
plates  only  were  pitted,  while  the  intermediate  ones  remained  altogether 
untouched. 

Mr.  I.  Smith  concurred  in  considering  the  corrosion  could  not  be 
solely  dependent  on  the  presence  of  brass  or  copper  in  boilers.  About 
ten  years  ago  he  had  erected  a  hot  water  warming  apparatus  at  a  house 
near  Birmingham  ;  and  three  or  four  years  afterwards,  on  taking  up 
the  pipes  in  order  to  extend  the  circuit  to  another  place,  he  found  the 
whole  of  the  wrought  iron  pipes  gradually  corroding  away  and  lined 
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inside  with  a  thin  layer  of  black  oxide  of  iron,  though  the  cast  iron  pipes 
were  not  injured  at  all.  In  this  case  not  a  particle  of  brass  or  copper 
pipe  was  employed  in  any  way  about  the  apparatus,  but  the  boiler  was 
fed  with  rain  water  collected  in  the  country  and  therefore  nearly  pure. 
The  boiler  was  then  emptied,  and  refilled  with  pump  water  containing 
a  little  carbonate  and  sulphate  of  lime ;  and  on  examining  the 
apparatus  again  two  years  later  he  found  that  no  more  corrosion  had 
taken  place.  At  Messrs.  Mason  and  Elkington's  copper  works  at 
Pembrey  in  South  Wales  they  had  recently  erected  a  surface  condenser 
with  cast  iron  pipes  of  4  inches  bore,  and  the  boilers  were  fed  with 
brackish  pit  water  close  to  the  sea,  but  not  altogether  salt.  There 
was  no  brass  or  copper  near  the  condenser  or  boilers,  except  the 
brass  steam  ralves,  the  water  valves  being  all  of  iron  ;  and  he  should 
look  with  much  interest  for  the  results  after  the  surface  condenser  had 
been  at  work  for  some  length  of  time. 

'  Mr.  G.  A.  EvBRiTT  stated  that  two  years  ago  he  had  made  a 
large  quantity  of  brass  tubes  for  surface  condensers  of  marine  engines, 
and  some  time  afterwards  a  large  proportion  of  the  iron  tubes  from 
the  boilers  belonging  to  them  were  shown  to  him,  not  only  pitted 
but  actually  eaten  through  in  large  holes,  which  was  attributed  to  the 
condensers  having  contained  brass  tubes.  He  believed  this  to  be  a 
mistake  however,  and  that  it  was  not  the  use  of  brass  tubes  in  the 
condensers  which  caused  the  corrosion ;  and  he  enquired  therefore 
whether  the  boilers  referred  to  in  the  paper  now  read  were  ordinary 
flue  boilers  or  boilers  with  tubes.  The  metal  best  adapted  for  the 
tubes  of  surface  condensers  did  not  appear  to  have  been  yet 
determined  upon  :  brass  had  been  used  for  a  considerable  time,  and 
copper  was  now  being  tried.  Experiments  were  also  being  made  with 
electro-plated  tubes,  but  these  were  so  very  expensive  that  they  were 
not  likely  to  come  into  general  use  :  and  brass  tubes  coated  with  tin 
had  been  tried,  but  were  also  expensive.  Block  tin  and  zinc  tubes  he 
had  found  did  not  keep  straight  when  placed  horizontally^  as'had  been 
already  mentioned ;  and  white  metal  tubes  were  difficult  to  produce 
hard  enough  for  the  purpose  :  in  fact  it  was  difficult  to  produce  any 
tubes  so  hard  as  the  brass  tubes,  and  at  present  the  question  appeared 
to  lie  mainly  between  brass  tubes  and  copper  tubes.     The  subject  was 
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dailj  becoming  one  of  wider  importance,  and  he  considered  the  writer 
of  the  paper  had  done  much  service  in  bringing  forward  the  results 
of  his  own  experience  with  sorface  condensers. 

Mr.  J.  Kennan  asked  whether  anj  experience  had  been  obtained 
from  the  use  of  surface  condensers  with  boilers  having  steel  tubes,  as 
to  whether  the  steel  boiler  tubes  were  injured  by  the  water  in  the 
same  way  as  the  iron  boiler  plates.  He  thought  it  appeared  not  unlikely 
that  steel  boiler  tubes  might  be  exempted  from  the  corrosion  :  for 
where  the  iron  plates  were  coated  with  a  hard  crust  of  lime  the 
iDJurions  action  was  retarded,  and  therefore  it  seemed  probable  that 
at  the  temperature  of  the  water  in  the  boiler  the  carbon  contained  in 
the  steel  loight  protect  it  similarly  from  injury. 

Mr.  C  Bbynolds  observed  that  in  the  discussion  upon  surface 
condensers  at  the  London  meeting  of  the  Institution  last  year  it  was 
pointed  out  that  the  corrosive  action  on  the  boiles  plates  was  possibly 
owing  to  the  grease  brought  over  into  the  boiler  by  the  steam 
condensed  from  the  engine,  where  surface  condensers  were  used  ; 
and  that  it  was  necessary  to  change  the  water  in  the  boiler  frequently, 
in  order  to  prevent  this  injury.  The  pitting  of  the  boiler  plates  had 
been  observed  in  the  earliest  instances  of  using  surface  condensers, 
and  was  the  first  cause  for  abandoning  surface  condensation,  and  there 
was  also  the  objection  that  the  boilers  were  more  liable  to  prime  :  he 
understood  it  had  been  found  that  in  some  of  the  marinp  engines 
fitted  with  surface  condensers  the  boilers  were  now  liable  to  prime 
very  much,  but  he  was  not  aware  whether  this  was  to  be  attributed  to 
the  surface  condensers.  It  had  been  shown  he  believed  by  Mr.  Qrove 
that  the  act  of  boiling  ordinary  water  was  not  merely  the  conversion 
of  that  water  into  steam,  but  that  the  bubbles  of  steam  appeared  to 
consist  of  some  well-defined  free  gas,  frequently  pure  nitrogen  from 
the  air  contained  in  the  water,  surrounded  by  an  envelope  of  steam  : 
hence  when  the  same  water  was  constantly  returned  to  the  boiler  and 
repeatedly  boiled,  it  might  be  expected  to  become  changed  in  the 
course  of  time  and  might  lose  its  original  innocuous  character. 

Mr.  D.  RoLLO  explained  that  in  all  the  vessels  they  had  fitted  up 
with  surface  condensers,  more  than  25  in  number,  the  boilers  had 
been  tubular  boilers,  all  with  iron  tubes,  excepting  only  one  or  two 
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cases  where  brass  boiler  tubes  were  used;  and  in  all  cases  the 
condenser  tubes  were  brass.  With  regard  to  steel  boiler  tubes  he  had 
seen  them  tried  and  with  no  better  results  than  the  iron  tubes  ; 
indeed  in  some  instances  they  became  corroded  rather  quicker  than 
iron  tubes,  but  whether  that  was  owing  to  the  additional  carbon 
contained  in  the  steel  he  could  not  say.  He  was  satisfied  however 
that  priming  had  nothing  to  do  with  the  use  of  surface  condensers ; 
because  in  no  case  had  they  had  to  make  any  alteration  in  th^  boilers 
after  applying  the  surface  condensers,  nor  had  the  priming  oyer  been 
found  to  be  worse  after  the  surface  condensers  were  applied  than  it 
had  before  been  with  the  jet  condensers  preyiously  used  with  the  same  * 
boilers.  If  the  boilers  had  plenty  of  steam  room,  he  had  found  there 
was  not  any  danger  of  priming  ;  but  if  that  point  were  neglected  and 
the  roof  of  the  boiler  were  low,  water  would  get  carried  over  into  the 
cylinders  along  with  the  steam.  In  support  of  the  theory  that  the 
water  underwent  some  change  by  the  repeated  boiling  where  surface 
condensers  were  used,  he  understood  it  was  found  that  fresh  water 
after  continued  use  in  that  way  carried  the  salinometer  higher  than 
salt  water,  showing  that  it  had  then  become  denser  than  the  salt 
water  used  in  marine  boilers  was  generally  allowed  to  get  before 
changing. 

Mr.  B.  Pools  said  they  had  made  experiments  with  fresh  water 
instead  of  salt  in  the  marine  boilers  of  the  Wallasey  ferry  boats,  and 
found  it  very  successful  in  conjunction  with  surface  condensers  ;  and 
he  could  confirm  the  statement  made  as  to  the  greater  density  of  the 
fresh  water  after  continued  working. 

Rev.  A.  RiGO  remarked  that  where  priming  was  observed  in 
connexion  with  surface  condensers  it  might  probably  be  explained  by 
the  greatly  increased  coherence  of  the  particles  of  distilled  water, 
owing  to  the  expulsion  of  the  air  contained  in  it  by  evaporation  in 
the  process  of  distillation,  in  consequence  of  which  it  was  well  known 
that  distilled  water  boiled  with  great  violence.  In  regard  to  the 
corrosive  action  accompanying  surface  condensation,  there  seemed 
reason  to  think  that  particles  of  the  water  might  become 
decomposed  in  contact  with  the  iron  boiler  plates  into  the  constituent 
gases,  whereby  the  iron  would  be  oxidised  without  any  action  of  brass 


Digitized  by  VjOOQ  IC 


SFFBOTS   OF    SUBFAOK   00NDBKSBR8.  163 

or  grease  or  any  other  foreign  matter  contained  in  the  water:  and  the 
remedy  would  tiien  be  merely  to  devise  a  means  of  coating  the  snrfaee 
of  the  iron  so  as  to  prevent  its  oxidation,  as  it  was  found  the 
eonosion  did  not  occur  where  the  iron  plates  were  protected  by  a 
kyer  of  deposit. 

Mr.  J.  Maokat  suggested  that,  as  the  corrosion  attending  the 
use  of  surface  condensers  was  more  rapid  he  believed  on  cast  iron 
than  on  wrought  iron,  a  heating  apparatus  of  cast  iron  pipes  might 
be  attached  to  boilers  working  with  surface  condensers,  for  heating 
the  feed  water;  and  then  any  particles  of  brass  or  copper  coming 
from  the  condenser  would  be  deposited  in  the  heating  apparatus, 
and  any  other  corrosive  properties  of  the  water  would  be  expended 
on  the  cast  iron  pipes :  thus  the  injurious  effecte  of  the  distilled 
water  would  be  mainly  confined  to  the  heating  apparatus,  and 
the  boiler  would  oonseqn^tly  last  longer.  Moreover  the  durability 
of  a  boiler  was  affected  by  the  position  at  which  the  feed  water  was 
introdnoed,  and  if  the  feed  were  at  a  place  where  the  water  was 
comparatively  still  the  boiler  would  not  suffer  so  much  from  corrosion 
or  from  deposit;  and  where  the  heat  was  properly  distributed,  so 
that  one  part  of  the  boiler  should  not  be  hotter  than  others,  a  boiler 
would  stand  longer  without  injury.  He  knew  of  a  boiler  in  a  steamer 
that  had  been  working  for  more  than  eleven  years  with  a  jet 
eondenser,  and  the  plates  and  tubes  were  still  in  almost  perfect 
eondition,  in  consequence  of  observing  these  precautions.  Where 
tiiere  was  any  brass  or  copper  for  the  steam  or  water  to  come  in 
contact  with,  he  thought  there  could  be  no  doubt  that  particles  of 
these  metals  must  get  carried  into  the.  boiler  by  the  water,  unless 
they  were  arrested  on  the  way  by  some  such  plan  as  the  feed-heating 
apparatus  he  had  referred  to. 

The  Chaibman  remarked  that  there  seemed  to  be  two  theories 
BOggested  to  account  for  the  corrosion  experienced  in  boilers  working 
with  surface  condensers:  first  that  a  certain  galvanic  action  was 
produced  by  particles  of  brass  or  copper  carried  into  the  boiler  by  the 
water  from  the  condenser  tubes,  whereby  ihe  plates  were  corroded 
wherever  a  particle  of  those  metals  was  deposited ;  and  secondly  that 
acids  prodnced  from  the  grease  brought  over  from  the  engine  might 
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have  the  deleterious  effects  that  were  noticed.  In  favonr  of  the  fonner 
theory,  that  the  galvanic  action  occasioned  by  brass  or  copper  caused 
the  injury,  was  the  peculiar  shape  which  the  corrosion  assumed :  it  was 
not  shown  by  a  regular  thinning  of  the  plates,  but  they  were  pitted 
in  particular  spots,  whilst  the  iron  in  the  immediate  neighbourhood 
was  as  thick  and  as  good  as  ever ;  whereas  if  some  acid  had  been 
acting  on  the  plates  it  would  be  expected  that  the  action  must  have 
been  more  uniform,  and  extended  over  the  whole  surface,  instead 
of  being  concentrated  at  particular  points.  If  the  use  of  brass  or 
copper  tubes  in  the  surface  condensers  had  beeu  the  cause  of 
corrosion,  he  suggested  that  the  plan  of  Mr.  Lamb's  boilers,  with  a 
number  of  flat  flues  of  iron  plates  exposing  a  large  extent  of 
surface,  might  be  efficient  for  surface  condensers  also,  to  avoid 
having  any  brass  or  copper  at  all  in  their  construction.  He  had 
himself  experienced  corrosive  action  in  a  number  of  boilers  which 
had  no  brass  work  about  them  except  the  steam  valves  and  valve 
boxes,  and  on  certain  portions  of  the  iron  plates  a  corrosion  took  place 
exactly  like  what  had  been  experienced  in  the  cases  already  described. 
One  boiler  in  particular  was  attacked  out  of  a  set  of  25,  and  for  a 
considerable  time  the  corrosion  could  not  be  accounted  for.  The 
corroded  iron  plates  were  removed  and  steel  plates  substituted  for 
them,  but  these  also  were  eaten  away  and  pitted  exactly  in  the  same 
manner.  Then  the  water  was  changed,  and  fresh  water  was  used  from  the 
town  supply  or  from  a  well ;  this  was  constantly  changed,  so  as  not  to  use 
the  same  water  over  and  over  again,  and  new  steel  plates  were  put  in 
to  replace  the  corroded  ones.  In  this  case  no  amount  of  acid  could  be 
formed  from  grease,  because  there  was  no  grease  that  could  get  near  the 
boiler,  except  a  little  oil  to  keep  the  donkey  pumps  lubricated.  The 
remedy  was  then  found  to  lie  in  altering  the  manner  in  which  the  feed 
water  was  injected.  The  boiler  was  a  vertical  one,  30  feet  high,  with 
two  large  flues  through  it,  and  the  feed  water  was  originally  injected 
at  the  bottom,  impinging  upon  the  flue ;  and  the  pitting  of  the  plates 
took  place  for  a  length  of  8  feet  from  the  entrance  of  the  feed.  But 
by  altering  the  feed  pipe  to  enter  at  the  centre  of  the  boiler  and 
furnishing  it  with  a  rose  jet  to  distribute  the  feed  water  gradually,  the 
corrosion  was  completely  stopped  at  once.     He  enquired  whether  it  had 
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been  fouod  that  there  was  any  particular  way  of  supplying  the  feed 
water  in  the  boilers  described  in  the  paper,  in  order  to  diminish  the 
corrosive  effects. 

Mr.  D.  BoLLO  replied  that  he  had  not  fonnd  that  the  place  where 
the  feed  was  introdnced  in  the  boilers  had  any  perceptible  connexion 
with  the  corrosion :  the  feed  pipes  had  been  altered  to  different 
positions  in  several  of  the  boilers  described  in  the  paper,  and  in  some 
had  remuned  unaltered,  bnt  without  affecting  the  corrosion  ;  and  the 
corrosive  action  seemed  to  have  no  special  effect  at  the  parts  nearest 
the  entrance  of  the  feed,  but  the  pitting  seized  upon  one  plate  and 
another  indiscriminately  and  with  considerable  spaces  between. 
Priming  no  doubt  was  affected  by  the  position  of  the  feed  entrance ; 
and  in  one  of  the  vessels  that  they  had  fitted  with  the  surface 
condensers,  having  round  tubular  boilers,  much  trouble  had  been 
experienced  from  priming,  in  consequence  of  the  feed  being  injected 
too  near  the  point  where  the  steam  was  taken  off ;  but  by  putting  the 
feed  pipe  Lower  and  at  the  back  of  the  boiler,  the  priming  was  now  got 
rid  of  conopletely.  He  did  not  think  the  corrosion  of  the  boiler  plates 
was  caused  by  grease  contained  in  the  water :  but  it  seemed  more 
probable  that  by  constantly  boiling  the  same  water  over  and  over  again 
it  was  rohbed  of  some  of  its  original  properties,  or  became  otherwise 
altered  in  quality  thereby,  so  as  to  produce  the  serious  effects  that 
were  experienced. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Jack  for  his  paper, 
and  also  to  Mr.  Rqllo,  which  was  passed. 


The  following  paper,  communicated  through  Mr.  William  Clay, 
was  then  read  :— 
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ON  THE  MECHANICAL  FEATURES 
OP  THE   LIVERPOOL    WATER    WORKS. 


By  Ur.  THOMAS  DUNCAN,  op  Liverpool. 


Hie  qnestioik  of  providing  a  supply  of  water  for  large  towns  has 
always  been  one  of  deep  interest  and  importance,  and  must  continue  to 
be  BO.  It  may  safely  be  stated  that  witbin  the  last  quarter  of  a 
century  a  greater  amount  of  mechanical  skill  has  been  devoted  to  the 
improvement  of  water  supply  than  during  any  previous  period  of  equal 
duration,  especially  in  this  country ;  and  although  much  that  was 
known  and  practised  before  has  only  been  modified  or  in  some 
instances  improved,  still  a  good  deal  that  is  comparatively  new  has 
been  introduced. 

In  the  Liverpool  Water  Works,  forming  the  subject  of  the 
present  paper,  the  supply  is  partly  by  gravitation  and  partly  by 
pumping.  The  area  over  which  the  supply  is  distributed  is  nearly 
60  square  miles,  and  contains  about  600,000  iiihabitants.  The 
gravitation  portion,  designed  chiefly  by  Mr.  Hawksley,  is  the  largest 
althoogh  not  the  oldest,  and  has  its  origin  amongst  the  hills  lying 
between  Blackburn  and  Bolton  ;  the  upper  portion  is  distant  in  a 
direct  line  from  Liverpool  about  80  miles.  The  area  from  which  the 
water  is  collected  extends  to  10,000  acres,  and  the  greatest  altitude  is 
1700  feet  above  the  ordnance  datum  or  mean  low  water  level.  The 
formations  irom  which  the  water  is  obtained  are  the  lower  beds  of  the 
ooal  measures  and  the  millstone  grit.  The  average  rainfall  is  nearly 
46  inches  per  annum,  and  the  quantity  coHected  is  about  75  per  cent, 
of  the  total  rainfall. 

The  general  plan.  Fig.  1,  Plate  44,  shows  the  positions  of  the 
several  reservoirs,  and  the  course  of  the  pipe  line  throughout  the  entire 
length  of  the  works.  Fig.  ,2  is  a  vertical  section  taken  along  the 
course  of  the  pipe.     The  principal  reservoirs,  shown  black  in  Figs.  1 
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and  2,  are  formed  in  the  valleys  by  embankments  thrown  across  them, 
intercepting  at  various  levels  the  streams  which  flow  from  the  hills. 
The  highest  reservoir,  the  Upper  Roddlesworth,  is  now  in  process  of 
formation ;  and  immediately  below  it  are  the  Lower  Roddlesworth  and 
the  Rake  Brook  reservoirs.  From  these  the  water  is  conveyed  by  a 
''goit"  or  open  cutting  down  to  the  Anglezark  and  Rivington 
reservoirs,  whence  it  passes  to  the  filter  beds  at  Horwich.  The  first 
portion  of  the  works  may  be  considered  as  terminating  at  this  point. 
From  Horwich  the  water  is  carried  to  Liverpool  through  a  line  of  cast 
iron  pipes  of  44  inches  diameter,  broken  by  a  short  tunnel  less  than  a 
mile  long,  and  by  the  three  balancing  reservoirs  at  elevated  points 
along  the  line — Aspull,  Montrey  House,  and  Prescot — the  last  being 
about  7  miles  distant  from  the  borough.  The  water  is  finally  conveyed 
into  the  various  home  reservoirs  for  distribution.  The  area  of  the 
several  reservoirs  amounts  to  more  than  500  acres,  and  the  quantity 
of  water  contained  in  them  when  full  is  3,000,000,000  gallons.  At 
present  about  12,000,000  gallons  per  day  are  filtered  and  distributed 
in  Liverpool  and  the  vicinity  from  Rivington. 

The  mechanical  appliances  connected  with  the  gravitation  portion 
of  the  works  are  as  follow  : — 

1. — Slide  valves  in  the  embankments. 

2. — Sluices  and  floodgates  on  the  open  oatting  or  golt. 

8.— Self-acting  gauges  on  the  golt. 

4.— Filter  beds. 

5. — Sand  washing  apparatus. 

6. — Float  valve  at  upper  end  of  tunnel. 

7.— Self-acting  shut-off  valves  in  the  reservoirs. 

8.— Reflux  valves  in  the  reservoirs. 

9. — Self-acting  throttle  valves  in  the  main. 
10. — Bsoape  valves  on  the  main. 
11. — Stop  valves,  scouring  valves,  and  air  cocks. 
12.— Main  or  pipe  line. 

1.  Slide  Valves, — These  are  of  the  ordinary  description.  The 
casing  is  of  cast  iron,  fitted  with  planed  joints  ;  and  the  screw  spindle 
is  of  brass,  working  through  a  nut  attached  to  the  slide  ;  a  brass  face 
is  pinned  on  the  slide,  working  against  a  brass  ring  pinned  on  the 
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fnaxdng.  These  valres  are  placed  under  all  the  embankments  in 
doable  pairs,  the  spindles  being  fitted  with  stuffing- boxes  and  carried 
Dp  through  g^des  in  the  shafts,  so  as  to  be  worked  from  the  top  of  the 
embankments.  The  Talves  are  nearly  alike  in  size  and  character  in  all 
the  embankments. 

2.  Sluices  on  the  Ooit. — Near  the  Rake  Brook  reservoir  there  are 
a  pair  of  3  feet  square  sluices  on  the  goit,  working  in  cast  iron  frames 
and  moved  by  a  screw  spindle,  bevil  gearing,  and  crank  handle. 
One  man  can  shut  and  open  these  easily  with  a  head  of  1 2  feet  on  the 
slaices.  At  Brinscall  Hall  works  there  are  sluices,  placed  in  frames 
built  in  the  masoniy,  worked  in  slides  by  rack  and  pinion  motion,  in 
order  to  allow  of  passing  away  by  the  original  brook  course  such  a 
qoantily  of  water  as  will  relieve  the  goit  in  time  of  high  flood.  Again 
at  White  Coppice,  where  the  Black  Brook  falls  into  the  goit,  a  set  of 
three  sluices  are  placed,  worked  by  a  screw  motion.  The  water  of 
the  Black  Brook  can  be  caused  to  flow  either  into  the  goit,  or  over 
it  through  m  wrought  iron  trough,  as  may  be  found  desirable ;  and  thus 
the  water  can  be  rejected  if  unsuitable,  or  if  it  be  necessary  to  relieve 
the  enttin^  in  time  of  flood,  as  at  Brinscall  Hall. 

3.  Self-acting  Gauges  on  the  Ooit. — There  are  two  sets  of  these 
ganges  on  the  course  of  the  goit,  one  at  Brinscall  Row  and  the  other 
at  White  Ooppice,  provided  for  measuring  off  compensation  water 
to  mill  owners,  giving  off  a  stipulated  quantity  of  water  day  by 
day.  Figs.  3  and  4,  Plate  45,  show  longitudinal  and  transverse 
Mctions  of  the  gauge.  It  consists  of  a  cistern  fitted  with  inlet 
pipe  A  from  the  goit  and  outlet  orifice  B  of  notch  form,  as  shown 
enlarged  to  one  quarter  full  size  in  Fig.  5  :  a  brass  plate  is  fixed  on 
the  inside  of  the  cistern  with  a  thin-edged  aperture  of  the  exact  size 
required,  so  as  to  give  off  always  the  same  delivery  of  water  from  the 
cistern  with  great  accuracy.  A  beam  is  placed  over  the  cistern, 
supported  on  a  cast  iron  frame,  having  a  stone  float  C  attached  to  one 
end  and  a  vertical  loaded  copper  cylinder  D  to  the  other,  both  adjusted 
by  screws  :  the  top  of  the  cylinder  D  is  above  the  high  water  level  in  the 
goit,  and  the  bottom  is  faced  to  match  the  end  of  the  inlet  pipe  A  from 
the  goit.  By  this  arrangement  the  area  of  passage  at  the  bottom  of 
the  cylinder  D  is  constantly  regulated  by  the  float  C  to  correspond  with 
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the  area  of  the  outlet  opening  B,  thereby  proyiding  with  ordinaTy  care 
for  a  constant  quantity  of  water  flowing  off  through  the  gauge.  These 
gauges  have  been  in  use  for  about  four  years,  and  have  given  no 
trouble  beyond  oiling  and  cleaning,  and  have  uniformly  acted  well. 
The  relative  levels  of  the  gauge  and  goit  are  so  adjusted  that  if  there 
is  any  water  flowing  along  the  goit  the  gauge  must  be  supplied  before 
any  portion  of  the  water  can  pass  further  down  the  goit. 

4.  Filter  Beds, — There  are  six  filter  beds,  each  300  feet  long  and 
100  feet  wide,  constructed  in  the  following  manner.  The  bodies  of  the 
beds  are  part  in  excavation  and  part  in  embankment,  and  about  10  feet 
deep.  At  the  bottom  of  each  bed  are  a  pair  of  dry  rubble  drains, 
above  and  around  which  is  placed  a  quantity  of  broken  stone  varying 
from  4  inch  pieces  down  to  2  inches  cube ;  above  this  five  layers  of 
gravel  are  laid  varying  in  size  from  1  inch  to  about  the  size  of  peas. 
On  the  top  of  the  gravel  is  a  layer  of  sand  30  inches  deep.  The  water 
is  admitted  upon  the  filter  beds  by  drains  regulated  by  stop  planks, 
and  passes  down  through  the  sand  and  gravel  into  the  drains  at  the 
bottom.  Four  air  pipes  are  inserted  into  each  filter  over  the  drains, 
to  prevent  the  accumulation  of  air  ;  these  are  cast  with  slots  in  the 
side,  over  which  copper  wire  gauze  is  fastened  to  prevent  the  sand 
passing  into  the  pipes.  The  two  drains  under  each  filter  bed  unite 
together  into  one,  and  deliver  the  filtered  water  into  a  pit,  from  whidi 
a  pipe  communicates  with  the  clear- water  tank.  On  the  end  of  the 
pipe  within  the  pit  a  sluice  is  placed,  worked  by  a  screw  spindle 
carried  up  to  the  surface  ;  so  that  any  filter  bed  may  be  shut  off  at 
pleasure,  or  all  may  be  in  work  together.  There  are  two  clear- water 
tanks,  extending  lengthways  across  the  ends  of  the  six  filter  beds,  with 
an  inlet  from  each  bed.  They  contain  together  12  million  gallons  when 
full,  and  are  constructed  with  the  bottom  slightly  inclined  towards  a 
cleansing  outlet,  and  sloping  sides,  and  are  paved  with  dressed  stone. 
The  main  pipe  conveying  the  water  to  Liverpool  is  inserted  into  these 
tanks,  one  branch  into  each*,  fitted  with  sluices,  so  that  either  of  the 
tanks  may  be  worked  by  itself  or  both  may  be  used  at  the  same  time. 

Any  solid  matter  in  suspension  in  the  water  is  intercepted  and 
retained  at  the  upper  surface  of  the  sand  in  the  filters.  When  any  of  the 
filter  beds  becomes  foul  and  the  requisite  quantity  of  water  will  not  pass, 
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tiie  supply  of  water  is  shnt  off  from  that  filter  and  the  water  in  the  clear- 
water  tank  is  lowered  below  the  surface  of  the  sand  in  the  bed ;  the 
upper  film  of  sand,  generally  about  |  inch  thick,  is  then  remoyed  and 
washed,  and  when  a  sufficient  quantity  of  clean  sand  is  prepared  and 
the  filter  cleared,  the  sand  is  put  on  again,  and  the  filter  thus  restored 
to  its  original  condition.  The  length  of  time  a  filter  will  work  before 
requiring  cleaning  depends  altogether  on  the  quantity  of  matter  in 
suspension  in  the  water,  coupled  with  the  quantity  of  water  which  has 
passed  through  the  filter.  Sometimes  the  filters  have  worked  for  six 
weeks,  at  other  times  they  have  not  worked  for  more  than  ten  days, 
and  on  a  few  occasions  not  for  more  than  a  week  :  fourteen  days  may 
however  be  taken  as  a  mean,  and  the  annual  cost  at  £100  for  every 
million  gallons  filtered  daily.  This  sum  provides  for  replacing  the 
sand  lost  in  the  process  of  washing,  where  it  does  not  cost  more  than 
6«.  per  cubic  yard  laid  on  the  works.  The  mean  quantity  of  water 
which  will  pass  through  one  of  the  Kivington  filters  may  be  taken  at 
half  a  cubic  foot  per  hour  for  every  square  foot  of  surface. 

5.  Sand  Washing  Apparatus. — The  sand  washing  is  performed 
by  machinery,  consisting  of  a  nearly  horizontal  spindle  with  a  number 
of  spiral  blades  upon  it,  placed  in  a  trough  12  feet  long,  and  driven 
by  a  small  high  pressure  horizontal  engine.  A  stream  of  clear  water 
flows  into  the  upper  end  of  the  trough,  and  the  foul  sand  is  carted  into 
a  hopper  at  the  lower  end,  from  which  it  is  fed  into  the  trough  by  a 
•crew  driven  by  the  engine.  The  screw  blades  on  the  longitudinal 
spindle  then  carry  the  sand  forwards  against  the  stream  of  water  to 
the  upper  end  of  the  trough,  where  it  is  caught  by  scrapers  placed  on 
an  endless  revolving  gutta-percha  belt;  this  works  in  an  inclined 
trough  and  carries  the  washed  sand  upwards  until  it  falls  into  shoots 
at  the  top,  which  convey  it  into  wagons  to  be  removed  for  use  again  in 
the  filters.  The  head  gearing  on  the  top  of  the  shoots  is  provided  with 
extension  gearing  by  which  any  lengthening  of  the  gutta-percha  belt 
can  be  taken  up ;  and  the  shoots  are  arranged  to  shut  or  open  as 
required,  so  that  no  sand  may  fall  while  a  full  wagon  is  being  taken 
away  and  an  empty  one  placed  under  them.  Ten  cubic  yards  of  sand 
per  hour  are  washed  and  loaded  into  carts  by  this  machine.  The  idea 
of  this  machine  was  obtained  from  a  small  one  at  Crewe,  designed  and 
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constructed  by  Mr.  Ramsbottom ;  the  arrangements  for  self-feeding 
and  loading  the  washed  sand  have  here  been  added  to  the  original. 

6.  Float  Valve  at  upper  end  of  tunnel, — The  main  or  pipe  line 
commencing  in  the  clear-water  tanks  passes  across  the  ralley  and 
under  the  Bolton  and  Preston  Railway,  and  then  enters  a  hill  distant 
about  2  miles  from  the  filtering  works.  At  this  point  it  terminates 
in  a  circular  tank  of  brickwork  at  the  upper  end  of  the  tunnel,  into 
which  the  water  is  delivered,  as  shown  in  Figs.  6  and  7,  Plate  46. 
The  pipe  is  fitted  with  a  sloping  end  piece  E,  on  which  is  hinged  a  flap 
valve  F,  shown  black  in  Fig.  6.  When  any  stoppage  takes  place  on 
the  down-stream  side,  the  water  rises  in  the  tank,  and  the  floats  G  rise, 
and  by  means  of  the  levers  H  close  the  flap  valve  F  and  shut  back  the 
water  in  the  supply  pipe  E  ;  until  the  water  again  falls  on  the  lower 
side,  when  the  floats  fall  and  open  the  valve  again,  as  shown  dotted  in 
Fig.  6,  allowing  the  water  to  run  free  as  before.  The  brick  tunnel 
about  1600  yards  long  is  succeeded  by  about  a  mile  of  pipe,  which 
carries  the  water  to  Aspull  reservoir,  where  it  is  delivered.  Aspull 
and  Montrey  House  reservoirs  may  be  considered  simply  as  relieving 
reservoirs. 

7.  Self-acting  Shut-Off  Valves, — On  the  outlet  pipe  from  the 
various  reservoirs  a  self-acting  shut- off  valve  is  placed,  which  is  shown 
in  Figs.  8  and  10,  Plate  47,  for  shutting  off  the  flow  of  water  from  the 
reservoir  when  a  fracture  takes  place  on  the  pipe  line  on  the  deliveiy 
side.  The  outlet  pipe  K  has  an  up-turned  end,  fitted  with  a  brass 
face,  over  which  is  suspended  vertically  the  cylindrical  valve  L  of 
the  same  diameter,  with  a  brass  face  on  the  bottom,  fitting  the  face 
of  the  pipe  E.  In  the  outlet  pipe  is  hung  a  flat  disc  I,  Figs.  8  and  9, 
at  the  end  of  a  long  lever,  presenting  its  flat  face  to  the  current  of 
water  flowing  off  from  the  reservoir,  and  weighted  by  the  weight  J  so 
as  to  stand  still  as  long  as  the  water  flows  through  the  pipe  at  the 
proper  velocity.  But  whenever  a  fracture  takes  place  on  the  delivery  side 
of  the  pipe,  the  current  is  accelerated,  and  the  disc  I  is  thereby  thrown 
forwards,  as  shown  dotted  in  Fig.  8  ;  the  trigger  M  is  thus  released 
and  thrown  off,  and  the  large  suspended  cylinder  L  descends  on  the 
orifice  of  the  pipe  E,  shutting  off  all  further  passage  of  the  water  down 
the  pipe.     Alarum  bells  connected  with  the  valves  have  recently  been 
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fitted  to  each  of  the  cottages  at  the  reservoirs  where  these  valves  are 
placed,  so  that  if  the  valve  runs  down  the  bell  is  rang  to  warn  the 
keeper. 

8.  Beftux  Valves, — At  each  of  the  reservoirs  there  is  a  reflux  valve 
placed  on  Uie  end  of  the  inlet  pipe  supplying  the  water  to  the  reservoir. 
This  is  shown  in  Figs.  11  to  13,  Plate  48,  and  consists  of  a  series 
of  hinged  doors  or  flaps  N  with  brass  faces,  hung  on  the  orifice 
of  the  inlet  pipe,  which  has  also  brass  faces  slightly  inclined  to  the 
vertical.  The  current  of  the  water  entering  the  reservoir  keeps  the 
flaps  sufficiently  open  to  admit  the  water  to  pass  in  ;  but  whenever  a 
fnusture  occurs  at  a  point  on  the  up-stream  side  lower  than  the  water 

,  in  the  reservoir,  the  weight  of  the  valves  and  the  pressure  of  the  water 
closes  them,  and  so  prevents  a  reflux  of  the  water  from  the  reservoir. 

The  above  description  applies  to.  all  the  self-acting  apparatus  fitted 
to  the  reservoirs,  and  the  only  other  mechanical  appliance  in  connexion 
vith  them  is  the  delivery  well  at  the  Prescot  reservoir.  This  is 
a  circnlar  iron  tank,  into  which  the  main  pipe  delivers  the  water,  with 
a  refluix  valve  fitted  on  its  extremity.  From  this  well  the  water  is 
conducted  into  the  different  compartments  of  the  reservoir  by  pi  .es 
furaisbed  with  slide  valves,  which  are  worked  by  screw  spindles  and 
bevil  gearing.  Any  portion  or  all  of  the  pipes  may  thus  be  shut  off, 
or  all  the  communications  can  be  open  together.  An  overflow  pipe 
rises  in  the  centre  of  the  well,  communicating  with  an  overflow  culvert 
carried  from  the  well,  so  that  any  excess  of  water  is  permitted  to  pass 
away  without  injury  to  the  embankments.  A  series  of  observations 
have  been  carried  over  many  months,  taken  at  fixed  periods  daily, 
carefully  noted  and  compared  with  actual  measurements  of  the  quantity 
of  water  passing  through  the  main  between  Prescot  and  Liverpool ; 
so  that  by  observing  the  point  at  which  the  weight  stands  on  the  lever 
of  the  self-acting  valve,  the  quantity  of  water  delivered  can  be  computed 
and  ascertained  exactly. 

9.  Self-acting  Throttle  Valves  in  the  Main, — One  of  these  valves 
is  shown  in  Figs.  14  to  17,  Plates  49  and  50,  and  they  are  designed  for 
a  purpose  analogous  to  that' of  the  self-acting  shut- off  valves  placed  on 
the  reservoir  outlets,  but  differ  considerably  in  construction.  The 
throttle  valve  O,  Figs.  14  and  16,  is  placed  on  a  horizontal  spindle  in 
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the  main,  and  on  the  outer  end  of  the  spindle  is  a  wheel  P  carrying  a 
heayy  weight,  which  tends  to  close  the  throttle  ralve  O,  but  is  prey^ited 
from  doing  so  by  the  trigger  M  catching  the  stop  on  the  wheel  P.  A 
flat  disc  I,  about  18  inches  diameter,  Figs.  16  and  17,  is  held  in  the 
main  at  the  end  of  a  long  horizontal  lever,  presenting  its  flat  face  against 
the  current ;  and  as  long  as  the  velocity  of  the  current  does  not  exceed 
the  proper  limit,  the  disc  is  held  stationary  in  its  place  by  the  weight  J, 
as  shown  in  Figs.  14  and  16,  the  vertical  spindle  on  which  the  disc 
lever  I  is  carried  being  geared  by  toothed  sectors  to  the  spindle  of 
the  weight  lever  J ;  and  the  throttle  valve  O  then  stands  full  open^ 
presenting  its  edge  to  the  stream,  as  shown  by  the  dotted  black  line 
in  Fig.  14.  When  a  fracture  takes  place  on  the  down- stream  side, 
the  velocity  of  the  current  along  the  main  is  increased,  the  disc  I  is 
pressed  forwards,  as  shown  in  Fig.  15,  the  trigger  M  is  released, 
and  the  weight  on  the  wheel  P  of  the  throttle  valve  spindle  descends, 
turning  the  throttle  valve  O  across  the  main,  as  shown  by  the 
dotted  black  line  in  Fig.  15,  and  thereby  entirely  stopping  the 
passage  of  the  water.  The  spindle  of  the  throttle  valve  is  placed 
H  inch  out  of  the  centre  of  the  valve,  so  that  the  pressure  of 
the  water  may  assist  the  weight  in  closing  the  valve.  In  order  to 
prevent  the  throttle  valve  from  closing  suddenly,  and  thereby  causing 
an  injurious  concussion  upon  the  main  by  the  sudden  stoppage  of  the 
long  column  of  water,  its  motion  in  closing  is  retarded  by  a  piston 
working  in  a  small  water  cylinder  Q,  the  piston  rod  being  connected  to 
the  wheel  P  on  the  throttl€<vaTve  spindle.  A  small  pipe  communicates 
from  the  top  of  the  cylinder  Q  to  the  small  cistern  R  on  the  top  of  the 
main,  and  a  second  pipe  from  the  bottom  of  the  cylinder  to  the  cistern ; 
in  the  first  of  these  a  stopcock  S  is  placed,  worked  by  a  lever  T ;  and 
as  the  wheel  P  turns  round,  closing  the  throttle  valve  O,  a  stud  on  the 
wheel  raises  the  lever  T  and  gradually  closes  the  stopcock  S,  as  shown 
in  Fig.  15,  so  that  the  discharge  outlet  from  the  cylinder  Q  is  throttled, 
and  the  closing  of  the  throttle  valve  O  retarded.  When  the  valve  0 
has  to  be  opened  again,  the  small  hand  force  pump  U  connected  with 
the  cistern  R  is  used  to  force  the  piston  down  to  the  bottom  of  the 
cylinder  Q,  thereby  turning  back  the  wheel  P  into  its  original  position 
and  opening  the  throttle  valve  O;  the  delivery  pipe  from  the  force 
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pump  enters  below  tlie  stopcock  S,  which  is  kept  closed  until  the 
opening  of  the  valve  O  is  completed,  when  the  whole  apparatus  is  set 
again  in  its  original  working  position.  Owing  to  the  use  of  the 
retarding  cylinder  Q  and  stopcock  S,  about  three  minutes  are  occupied 
in  shutting  the  throttle  valve  Q.  These  self-acting  throttle  valves 
were  famished  by  Sir  W.  Q.  Armstrong  and  Co.  of  the  Elswick 
Works. 

10.  Escape  Valves  on  the  Main. — However  slowly  the  current 
in  a  large  main  is  stopped,  there  will  always  be  practically  a  series  of 
pulsations  running  backwards  to  the  fountain  head  from  which  the 
water  is  supplied,  their  intensity  depending  on  the  velocity  at  which  the 
water  was  moving  when  the  stoppage  was  commenced  and  on  the  length 
of  time  occapied  in  arresting  the  current.  To  obviate  the  danger  arising 
from  this  cause,  loaded  escape  valves  have  been  placed  along  the  line  of 
main  and  behind  the  self-acting  throttle  valves,  as  shown  in  Figs.  18 
and  19,  Plate  51.  These  are  loaded  slightly  over  the  working  pressure 
in  the  main,  and  communicate  with  some  convenient  water  course ;  so 
that  when  the  current  is  stopped  by  the  closing  of  the  throttle  valve 
the  escape  valve  is  lifted  as  soon  as  the  recoil  reaches  it,  an  escape 
of  some  water  takes  place,  and  so  on  at  every  pulsation,  until  the  force 
of  the  recoil  falls  within  the  limit  to  which  the  valve  has  been  loaded 
over  the  working  pressure,  whereby  all  danger  to  the  main  is 
prevented. 

11.  Stop  Valves,  Scouring  Valves,  and  Air  Cocks, — At  various 
points  along  the  main  are  placed  stop  valves,  so  that  the  water  may 
be  shut  ofif  at  convenient  distances  for  facilitating  repairs.  They  are 
slide  valves  formed  with  three  vertical  slides,  the  largest  in  the  centre, 
and  a  smaller  one  on  each  side,  worked  by  screw  spindles.  A  scouring 
outlet  closed  by  a  slide  valve  is  also  placed  at  each  btook  course  or 
hollow  where  practicable,  by  which  the  pipes  may  be  scoured  out 
whenever  necessary.  On  each  summit  along  the  course  of  the  main 
a  small  air  cock  is  inserted  into  it  to  allow  the  air  to  escape.  These 
are  simple  stopcocks,  with  short  lengths  of  lead  pipe  attached  to  carry 
off  the  waste  water  from  them.  It  has  been  found  advantageous  to  leave 
them  slightly  open,  sufficiently  to  permit  a  small  quantity  of  water 
to  escape ;   this  ensures  a  full  main. 
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12.  Main  or  Pipe  Line. — The  main  is  44  inches  internal  diameter, 
and  is  for  its  length  the  largest  main  yet  laid.  The  pipes  are  jointed 
in  the  ordinary  manner  with  yam  V  and  lead  W,  as  shown  in  the 
section,  Fig.  20,  Plate  51,  one  quarter  fall  size;  for  the  greatest 
portion  of  the  length  they  are  strengthened  hy  wrought  iron  hoops 
shrunk  on  the  sockets.  Between  Prescot  and  Green  Lane  an  additional 
line  of  pipe  is  about  to  be  laid  of  36  inches  diameter,  with  bored  and 
turned  joints,  as  shown  at  X  in  the  section.  Fig.  21,  one  quarter  full 
size.  These  joints  are  bored  and  turned  slightly  conical,  with  a  taper  of 
about  1  in  62  on  each  side,  and  a  single  thread  of  tarred  yam  is  lapped 
round  the  spigot  end  to  provide  a  slight  elasticity  in  the  joint ;  the 
pipes  are  then  put  together  with  melted  asphalt  Y,  the  socket  being 
slightly  warmed  at  the  time  for  the  purpose  of  expanding  it  when 
pressing  the  spigot  end  into  its  place.  Experiments  have  been  made  in 
Glasgow,  where  these  pipes  are  being  cast,  from  which  it  is  found  that 
joints  made  in  this  manner  resist  a  high  pressure;  and  when  the 
ground  on  which  they  are  to  be  laid  is  solid,  they  are  employed  with 
considerable  pecuniary  advantages.  Pipes  with  these  joints  have 
recently  been  laid  at  a  saving  of  50  per  cent,  in  cost  of  laying  over  the 
ordinary  plan  of  lead  joints  :  and  they  have  been  used  for  water  mains 
in  Liverpool  for  several  years  past  with  perfect  success.  Several 
experiments  have  been  made  to  ascertain  the  amount  of  deflection  that 
may  be  safely  obtained  with  pipes  jointed  with  these  bored  and  turned 
joints.  Two  pipes  of  24  inches  diameter  were  jointed  in  this  manner, 
and  flanges  were  bolted  to  the  outer  ends  with  holes  for  a  pressure 
gauge  and  the  pump  connecting  pipe.  They  were  supported  at  the 
ends  only,  leaving  a  clear  distance  of  28  feet  unsupported,  and  were 
then  weighted  with  36  cwts.  on  the  centre,  which  produced  a  deflection 
of  J  inch.  A  pressure  of  190  lbs.  per  square  inch  was  then  applied  by 
the  pump,  and  the  joint  began  to  draw  slowly,  causing  the  pipe  to 
sink  in  the  centre.  A  deflection  of  6  inches  was  obtained  before  there 
was  any  leakage,  when  the  pressure  was  160  lbs.  per  square  inch,  at 
which  point  a  slight  leakage  commenced. 

The  line  of  44  inch  main  terminates  at  Green  Lane.  At  Old  8wan 
one  branch  24  inches  diameter  is  taken  off  to  the  left,  and  carried  to 
the  Parkhill  reservoir  at  the  south  end  of  the  town.     Another  branch 
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24  inches  diameter  is  carried  along  Green  Lane  to  the  reservoir  at 
Andley  Street  f6r  the  north  end.  The  main  44  inches  diameter  is 
reduced  to  36  inches,  and  is  carried  into  the  Kensington  reservoir. 
The  reservoirs  in  town  are  all  covered  by  brick  arching  grassed  over  ; 
tad  from  them  the  various  distributing  mains  are  carried. 

The  town  is  divided  for  the  purpose  of  the  water  supply  into  three 
main  divisions,  north,  middle,  and  south ;  and  these  three  each  into 
upper,  middle,  and  lower  levels.  Each  of  these  is  again  subdivided 
into  sections,  so  that  any  qne  can  be  shut  off  without  interfering  with 
the  others ;  and  between  each  main  division  communications  are  made, 
so  that  they  may  be  supplied  in  more  than  one  way. 

The  old  valves  which  belonged  to  the  old  water  works  have  been 
nearly  all  removed  and  replaced  by  screw  slide  valves  of  the  best  make  ; 
and  in  nearly  every  instance  the  water  supply  to  the  several  divisions  is 
r^ulated  by  slide  valves  of  the  best  kind.  The  connecting  ferrules  for 
the  service  pipes  are  screwed  into  the  iron  pipes,  and  the  lead  service 
pipes  are  attached  without  solder.  Stopcocks  of  the  best  make  are 
fixed  on  the  service  pipes  in  the  footways  to  all  new  property,  but 
much  of  the  old  property  is  still  without  this  provision,  and  some  years 
must  elapse  before  the  whole  can  be  made  uniform. 

Wherever  an  intermittent  supply  of  water  has  originally  existed 
and  a  constant  supply  has  subsequently  been  introduced,  it  has  been 
found  more  difficult  to  reduce  the  quantity  of  water  consumed  to 
a  minimum,  than  where  the  constant  supply  has  been  established  in  the 
first  instance.  This  arises  from  the  defective  fittings  pertaining  to  the 
old  system,  and  the  larger  sized  service  pipes  which  were  necessary  to 
give  such  a  supply  as  was  given  in  Liverpool,  namely  three  times  per 
week  and  generally  not  for  a  longer  period  than  IJ  hours  at  a  time. 

The  hydrants  for  extinguishing  fires  now  used  in  Liverpool  are 
diiefly  laid  in  the  footways.  They  are  simple  slide  valves  with 
sp-tamed  nozzles,  and  have  screws.to  fit  the  fire  hose.  They  are  placed 
at  convenient  distances,  generally  in  pairs,  so  that  several  sets  of  ' 
hydrants  can  be  brought  into  play  at  a  fire  if  necessary.  In  Liverpool 
engines  are  not  generally  used  at  fires,  but  the  water  is  thrown  direct 
finom  the  hydrants  fixed  on  the  mains.     Similar  hydrants  are  laid 
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around  all  the  docks,  and  are  used  for  the  supply  of  water  for  shipping. 
Meters  mounted  on  spring  carriages  have  recently  been  introduced  for 
the  shipping-service  supplies.  When  a  vessel  is  to  be  supplied  with 
water,  the  waterman  wheels  the  meter  close  to  one  of  the  hydrants,  a 
short  length  of  hose  is  attached  to  the  hydrant  and  the  meter,  and 
another  hose  is  carried  from  the  outlet  of  the  meter  either  on  board  the 
ship  or  to  casks  placed  on  the  quay.  The  index  is  taken,  the  hydrant 
opened  and  the  supply  given,  when  the  quantity  supplied  is  read  off 
the  index  and  the  charge  adjusted  accordingly.  From  four  to  five 
thousand  gallons  per  hour  can  be  supplied  in  this  way  by  one  meter, 
and  all  disputes  as  to  the  correct  quantity  of  water  delivered  or  the 
size  of  vessels  to  be  filled  are  thereby  obviated.  The  meters  generally 
do  not  vary  more  on  either  side  than  one  per  cent,  from  the  correct 
measurement.  A  meter  with  its  carriage  complete  costs  about  £20 ; 
and  the  cost  of  their  repairs,  taking  the  experience  of  three  years, 
is  Is.  6d,  per  million  gallons  delivered. 

The  flushing  cocks  or  valves  are  similar  in  construction  to  the 
other  slide  valves  already  described.  They  are  used  for  flushing  the 
sewers,  and  are  carried  from  the  mains  at  those  points  where  the 
greatest  length  of  sewer  can  be  flushed  by  a  single  cock.  An  eyelet  is 
carried  up  to  the  surface  immediately  over  the  junction  with  the  sewer, 
so  that  any  escape  may  be  seen  on  inspection  from  the  surface.  A 
peculiar  kind  of  cap  is  placed  over  the  spindles  of  these  valves,  so  that 
they  cannot  be  opened  by  mistake  ;  such  mistakes  have  occurred,  but 
have  been  prevented  since  these  caps  have  been  employed. 

Up  to  the  commencement  of  1857  all  the  water  supplied  to 
Liverpool  was  obtained  from  wells  in  and  about  the  town,  sunk  in  the 
new  red  sandstone,  the  formation  of  the  district,  from  which  the  water 
was  pumped  by  steam  power.  Immediately  before  the  introduction  of 
the  water  by  gravitation  there  were  seven  pumping  stations  with  wells 
and  one  pumping  station  from  a  reservoir.  The  wells  varied  in  depth 
from  130  to  200  feet.  There  were  in  all  eleven  engines,  ten  of  which 
were  generally  in  work  at  a  time ;  only  a  few  of  these  need  be  noticed. 
The  accompanying  Table  I  appended  gives  the  principal  particulars  of 
the  engines  and  boilers.     Table  II  shows  the  cost  of  pumping  by 
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the  various  kinds  of  engines  employed,  taken  oyer  an  entire  year. 
Table  III  shows  results  obtained  in  testing  tbe  economic  value  of 
several  kinds  of  Lancashire  coal  mixed  with  slack  at  the  pomping 
stations,  the  water  evaporated  being  measured  bj  a  meter. 

At  Green  Lane  station  there  are  three  engines.  The  first,  by 
Harvey  of  Hayle,  has  been  erected  for  sixteen  years,  and  with  short 
intervals  of  rest  has  been  kept  working  ever  since.  The  second,  by 
Forrester  and  Co.  of  Liverpool,  was  erected  in  1852,  and  has  also  been 
almost  constantly  at  work  since  that  time.  The  third  was  removed 
from  Bootle  Station,  and  after  being  thoroughly  overhauled  and 
repaired  was  put  up  in  its  present  position  in  1855,  and  has  with  the 
others  been  nearly  constantly  at  work.  The  two  first  are  Cornish 
engines,  and  the  third  a  double-acting  crank  engine. 

The  pumps  of  tbe  two  Cornish  engines  are  solid  plungers  working 
through  stufiing-boxes.  The  lower  plungers  are  worked  by  rods  of 
flat  bar-iron  attached  to  crossheads  at  top  and  bottom.  The  length 
of  stroke  in  each  case  is  8|  feet,  and  the  diameter  17|  and  19  inches 
respectively.  Each  of  the  lower  plungers  delivers  its  water  into  a 
east  iron  cistern  a  few  feet  below  the  surface  of  the  ground,  into  which 
the  wind-bore  of  the  upper  plunger  dips.  The  delivery  in  the  case  of 
the  first  engine  is  directly  into  the  ascending  limb  of  a  stand-pipe 
enclosed  in  the  tower  containing  the  chimney  ;  and  in  the  case  of  the 
second  engine  the  delivery  pipe  is  attached  to  the  bottom  of  the 
descending  limb,  whence  an  18  inch  pipe  passes  to  the  86  inch  main 
from  Rivington,  in  which  both  waters  are  mingled.  To  the  first 
engine  an  auxiliary  bucket  lift  is  attached,  of  larger  dimensions 
than  the  plunger  pump ;  and  in  order  to  provide  for  getting  down  to 
the  lower  plunger  it  is  constructed  to  deliver  its  water  at  the  surface. 
The  valves  are  all  double-beat,  the  beats  being  now  wholly  composed 
of  gutta-percha,  which  has  been  found  to  suit  the  purpose  intended 
better  than  any  other  material  that  has  been  tried.  The  pump  of  the 
third  or  crank  engine  is  a  single-lift  bucket  pump  working  into  an 
sir  vessel.  The  load  on  the  upper  plungers  of  the  two  Cornish 
engines  is  about  50  lbs.  per  square  inch,  and  on  the  bucket  of  the 
third  engine  120  lbs.  per  square  inch.  The  indicator  diagrams  obtained 
from   the    two   Cornish  engines  with  275  feet  of  lift  are  shown  in 
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Figs.  22  and  23,  Plate  52  ;  and  Fig.  24  shows  the  diagram  from  the 
crank  engine  with  the  same  lift. 

The  boilers  to  these  engines,  three  to  each  of  the  two  Cornish 
engines  and  two  to  the  crank  engine,  are  cylindrical  with  internal 
flues.  The  dranght  is  carried  through  the  fines  to  the  back,  retoming 
along  the  sides,  uniting  and  xetuming  to  the  back  along  the  bottom, 
and  then  into  the  main  chimney  fine  which  extends  across  the  ends  of 
the  boilers  with  dampers  to  each  boiler  and  to  the  entrance  into  the 
chimney.  Each  set  of  boilers  is  provided  with  a  steam  chest ;  and 
all  are  enclosed  in  brickwork,  a  small  clear  space  being  left  both 
between  the  boilers  themselyes  and  the  steam  chest,  and  the  brickwork 
is  levelled  up  and  flagged  over.  The  condensing  water  from  the 
engines  is  passed  through  a  set  of  cooling  ponds,  and  with  a  slight 
supplementary  supply  from  the  wells  is  used  over  and  over  again. 

The  wells  from  which  these  engines  work  are  185  feet  deep  below 
the  surface,  and  have  tunnels  or  drifts  extending  in  all  about  300  feet 
from  the  shafts  in  various  directions :  three  separate  shafts  are  carried 
up  to  the  surface.  The  quantity  of  water  yielded  by  this  well  is 
greater  than  from  any  other  of  the  wells  of  Liverpool,  being  more 
than  three  million  gallons  daily.  A  9  inch  diameter  borehole  has 
been  sunk  below  the  bottom  of  the  well  to  a  depth  of  185  feet  deeper, 
which  largely  increased  the  quantity  of  water  yielded.  The  flow  from 
the  borehole  is  regulated  by  a  plug  at  the  bottom  of  a  long  rod 
working  in  guides,  which  is  raised  or  lowered  by  a  strong  screw  at  the 
top,  whereby  the  borehole  is  opened  or  shut  at  pleasure.  In  preparing 
for  the  seat  of  the  pumps  attached  to  the  second  engine  a  diving 
apparatus  was  employed,  and  all  rubbish  was  cleared  away  from  the 
bottom  ;  thus  the  difficulty  of  obtaining  a  sound  good  job  in  fixing  the 
pitwork  was  greatly  diminished. 

At  Windsor  station  the  pumps  are  arranged  in  two  lifts,  the 
bucket  below  and  plunger  above ;  the  first  delivers  the  water  into  a 
cistern,  the  second  works  from  the  cistern  and  into  a  column  or  pipe 
with  the  upper  end  closed,  acting  as  an  elongated  air  vessel,  with 
which  the  distributing  main  is  connected.  Originally  it  was  intended 
to  supply  a  part  of  the  town  direct  from  this  station,  and  in  order  to 
meet  the  varying  load  a  balance  bob  with  a  weight  was  applied  to 
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the  engine.     To  remove  this  weight  eveiy  time  a  change  of  load  took 

place  was  found  inconvenient,  and  a  small  line  of  rails  with  truck  and 

BcrewB  was  therefore  placed  over  the  balance  bob  pit,  by  which  one 

man  can  in  a  few  minutes  make  the  required  change.     The  boilers  are 

pUdn  cylindrical  without  flues,  with  steam  chest  on  the  top,  all  covered 

as  at  Green  Lane.     Originally  much  of  the  surface  was  left  exposed, 

bat  now  all  is  covered  in,  and  the  effect  has  been  such  a  saving  in  fuel 

as  in  a  short  time  repaid  all  the  cost  of  the  alterations.  The  condensing 

water  is  worked  in  a  circuit  through  a  small  cooling  pond,  as  at  Green 

Lane.      Figs.  26  and  27,  Plate  53,  show  indicator  diagrams  taken 

from  the  engine  at  this  station :    Fig.  26  shows  the  diagram  with 

247  feet  height  of  lift,  and  Fig.  27  is  the  diagram  with  295  feet  lift. 

At  Bootle  station  there  are  two  old  double-acting  crank  engines 
with  double-acting  pumps.  Originally  they  were  worked  with  low 
pressure  steam ;  but  the  old  wagon  boilers  have  now  been  removed 
and  replaced  by  tubular  boilers  covered  over,  and  high  pressure  steam 
with  a  covered  steam  chest  has  been  applied  ;  the  saving  in  fuel  thus 
effected  has  been  80  per  cent.  Fig.  25,  Plate  52,  shows  the  indicator 
diagram  obtained  from  one  of  these  engines  with  170  feet  lift.  The 
pumps  work  into  air  vessels,  from  which  the  mains  are  carried, 
supplying  the  district  between  the  station  and  the  reservoir ;  and  the 
difference  in  quantity  between  supply  and  demand  flows  into  the 
reservoir.  The  weDs  of  Bootle  yield  about  800,000  gallons  daily; 
they  are  about  50  feet  deep.  Some  years  ago  several  boreholes  were 
sunk  here,  one  to  the  depth  of  600  feet  below  the  bottom  of  one  of  the 
coUecting  wells  ;  at  first  this  yielded  a  large  volume  of  water,  but  now 
it  yields  a  veiy  small  quantity. 

The  other  old  pumping  stations  now  seldom  or  never  used  are  the 
Bush,  WiUiam  Henry  Street,  the  Park,  and  Hotham  Street.  At  all 
of  these  with  one  exception  the  engines  were  nearly  alike,  old  and^ 
costly  to  work.  There  are  two  pumping  stations  besides,  where  there 
are  no  wells,  but  the  water  is  raised  for  the  supply  of  the  high  level 
district  from  reservoirs  which  supply  the  middle  and  low  levels : 
these  are  Audley  Street  and  Devonshire  Place  stations. 

The  Audley  Street  engine  is  Cornish,  made  by  the  Haigh 
Foundry  Co.,  Wigan.      The  cylinder  is  86  inches  diameter,  6  feet 
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stroke  in  the  cylinder  and  6  feet  stroke  in  the  single  plunger  pnmp 
of  19  inches  diameter,  which  draws  from  a  cast  iron  well  communicating 
with  the  lower  reservoir.  The  water  is  raised  92  feet  into  a  covered 
tank  75  feet  diameter  and  10  feet  deep,  containing  a  quarter  of  a 
million  gallons  nearly,  from  which  the  high  levels  are  supplied.  There 
are  no  internal  ties  in  the  tank,  but  it  is  supported  entirely  from 
without  at  about  one  third  of  its  height  by  wrought  iron  hoops  and 
struts  from  the  ends  of  the  supporting  girders.  Self-regulating 
gauges  are  attached  to  the  clocks  in  the  engine  house,  from  which 
traced  diagrams  are  daily  obtained,  showing  the  hour  lines  and  the 
corresponding  depths  of  the  water  at  any  time  in  both  the  tank  and 
reservoir.  Fig.  28,  Plate  53,  shows  the  indicator  diagram  obtained 
from  this  engine  with  100  feet  lift. 

At  Devonshire  Place  station  there  is  a  small  high  pressure  engine, 
possessing  ho  feature  of  interest  and  expensive  in  working,  which  will 
shortly  be  superseded  by  a  second  Cornish  engine  about  to  be  put  up 
at  Audley  Street.  This  is  to  have  a  50  inch  cylinder  with  10  feet 
stroke,  and  29  inch  solid  plunger ;  in  its  general  features  it  will 
resemble  the  engine  already  erected  at  that  station. 

Besides  the  works  already  described  there  are  two  small  reservoirs 
in  progress  near  the  town  ;  one  for  receiving  the  water  direct  from  the 
main  from  Prescot,  and  an  engine  is  being  made  for  pumping  from 
a  well  in  connexion  with  this  reservoir  into  the  second  reservoir. 
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The  Chairman  enquired  in  what  way  the  gutta-percha  heats  were 
applied  in  the  pnmp  valyes,  and  how  long  they  were  found  to  stand  in 
work;  also  whether  vulcanised  india-ruhher  had  heen  tried  for  the 
purpose. 

Mr.  DuKOAN  replied  thatheliad  not  tried  vulcanised  india-ruhher 
for  the  valve  beats.  The  gutta-percha  beats  were  put  in  just  the  same 
as  the  ordinary  gunmetal  beats  in  double-beat  valves,  and  they  lasted 
about  six  months  in  constant  work  before  requiring  renewal. 

Mr.  J.  Ramsbottom  thought  the  bored  and  turned  joints  that  had 
been  described  in  the  paper  appeared  a  very  good  method  of  jointing 
the  pipes  of  the  mains,  and  much  more  economical  than  the  ordinary 
lead  joints.  He  enquired  whether  it  was  necessary  to  warm  the  ends 
of  the  pipes  for  making  the  joints,  and  whether  the  asphalt  when  cold, 
was  in  a  condition  to  admit  of  being  set  up  with  a  caulking  chisel  in 
the  ordinary  manner. 

Mr.  Dtjvoxv  replied  that  it  was  necessary  to  warm  the  sockets  of 
the  pipes  in  making  the  joints,  in  order  to  cause  a  slight  expansion, 
so  that  the  subsequent  contraction  in  cooling  might  make  the  joint 
completely  tight ;  and  a  single  thread  of  tarred  yam  lapped  round  the 
spigot  end  was  found  quite  enough  to  afford  the  very  small  amount  of 
elasticity  needed  in  the  joints.  The  asphalt  was  then  run  in,  and  no 
upsetting  was  required  afterwards,  as  it  was  sufficiently  liquid  to  fill 
every  part  of  the  space  between  the  spigot  and  socket.  He  had  tested 
joints  made  in  this  way  up  to  a  pressure  of  200  lbs.  per  square  inch 
without  any  leakage  taking  place.  The  pipes  at  present  laid  with  the 
bored  and  turned  joints  had  however  been  of  much  smaller  dimensions 
than  the  large  water  works  mains  described  in  the  paper,  and  the  mode 
of  warming  the  sockets  for  making  the  joints  was  by  means  of  a  coke 
fire  in  a  cradle,  over  which  the  socket  end  of  the  pipe  was  suspended 
horizontally  and  turned  round  slowly  till  sufficiently  warmed.  For 
large  pipes  however,  such  as  the  44  inch  main,  he  proposed  to  heat  an 
iron  ring  in  a  furnace  and  then  slip  it  inside  the  socket  for  a  few 
minutes  to  warm  the  socket. 

The  Chairman  thought  there  would  be  no  practical  difficulty 
in  applying  that  mode  of  jointing  to  large  pipes  if  they  did  not 
get  out  of  shape  in  warming  the  sockets.     He  asked  what  was  the 
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largest  size  of  pipe  that  had  yet  been  laid  with  the  bored  and 
turned  joints. 

Mr.  DuKOAH  replied  that  the  largest  pipes  he  had  hitherto  laid  with 
the  new  joints  were  11  inches  diameter ;  some  at  Qlasgow  were  being 
laid  of  15  inches  -diameter,  and  some  made  for  Melbonme  were 
30  inches  diameter. 

Mr.  J.  CuNNiNQHAM  enquired  what  was  the  inclination  of  the  taper 
that  was  fonnd  to  answer  best  in  the  bored  and  turned  joints. 

Mr.  DuNOAN  replied  that  the  inclination  was  1  in  62  to  the  axis  of 
the  pipe :  a  higher  inclination  had  been  tried  but  did  not  suit  so  well, 
as  the  joints  then  began  to  show  leakage  at  the  testing  pressure. 

Mr.  W.  EiKG  observed  that  the  bored  and  turned  joints  had  been 
used  by  his  father  for  the  gas  pipes  in  Liverpool  from  24  inches  down 
to  3  inches  diameter  for  the  last  thiriy  years,  and  they  had  proved 
thoroughly  satisfactory.  The  inclination  of  the  taper  of  the  joints  was 
1  in  32  on  each  side,  and  'experience  had  shown  that  for  gas  pipes 
this  taper  completely  answered  the  purpose. 

Mr.  J.  Kbnkak  had  heard  that  at  the  Dublin  Water  Works  the 
joints  of  the  pipes  were  made  taper  similarly  to  those  now  described, 
except  that  they  were  not  bored  and  turned  but  put  together  rough. 
The  mode  of  laying  them  was  to  lay  two  pipes  with  the  tapered  end 
of  one  in  the  socket  of  the  other,  and  then  a  block  of  wood  being 
placed  across  the  outer  end  of  the  second  pipe^  a  third  pipe  was  swung 
against  it  endways,  so  as  to  drive  the  joint  up  tight  between  the  two 
first  pipes  ;  afterwards  the  ordinary  packing  of  tow  was  rammed  in  and 
the  socket  closed  with  lead. 

Mr.  C.  Mabkhah  enquired  whether  the  24  inch  pipes  that  had  been 
deflected  under  pressure  in  the  experiment  described  in  the  paper  had 
the  bored  and  turned  joints  put  together  without  any  lead. 

Mr.  DvvoAS  replied  that  the  joints  experimented  upon  were  made 
exactly  in  the  manner  he  had  described,  without  any  lead,  being  merely 
bored  and  turned  and  put  together  with  asphalt.  The  pipes  at  Dublin 
that  bad  been  referred  to,  with  taper  joints  put  together  rough;  were 
only  overflow  pipes  for  carrying  oflF  the  surplus  water  from  the  reservoir, 
and  the  joints  therefore  were  not  required  to  be  made  good  enough  for 
standing  a  heavy  pressure  without  leakage. 
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Mr.  R.  Maolaebn  stated  that  in  the  Rathminee  Water  Works, 
which  conveyed  the  water  into  that  new  district  of  Dahlin,  the 
pipes  were  all  laid  with  bored  and  turned  joints,  and  he  had  recently 
been  oyer  4  miles  of  the  course  of  the  mains  where  they  were  under 
a  high  pressure  without  finding  a  single  sign  of  a  leaky  joint.  The 
pipes  of  the  old  Dublin  Water  Works  had  the  common  lead  joints, 
and  it  had  been  intended  to  lay  these  new  pipes  with  lead  joints  ;  but 
the  success  of  the  bored  and  turned  joints  elsewhere  and  the  economy 
in  laying  them  led  to  their  being  adopted  instead.  The  pressure  of 
the  water  was  from  350  to  400  feet  head,  but  the  joints  were  tested  up 
to  600  feet  head.  He  had  also  made  the  whole  of  the  dty  pipes  for 
the  new  Loch  Katrine  water  supply  in  Glasgow,  all  of  which  had  the 
bored  and  turned  joints  from  15  inches  diameter  downwards. 

Mr.  Sampson  Llotd  asked  what  had  been  found  to  be  the 
actual  saving  in  cost  with  the  new  joints,  including  the  boring  and 
turning. 

Mr.  R.  Maolarbn'  replied  that  the  cost  of  laying  the  pipes  with 
the  bored  and  turned  joints  was  only  half  that  of  laying  pipes  vrith 
ordinary  run  lead  joints,  including  the  cost  of  boring  and  turning ; 
the  cost  of  laying  alone  being  therefore  less  than  half.  The  boring 
and  turning  cost  from  5d.  to  10^.  for  each  ton  of  pipes,  according 
to  the  length  of  joint  and  diameter  of  pipe. 

Mr.  J.  Magkay  observed  that  in  the  Edinburgh  Water  Works 
constructed  in  1824  the  junction  and  valve  boxes  had  been  laid  with 
flanged  joints,  and  he  enquired  whether  these  joints  were  ever  used  for 
water  works  stop  valves  at  the  present  time. 

Mr.  DuNOAN  said  flanged  joints  were  used  before  the  modem 
spigot  and  socket  joints,  but  no  flanged  joints  were  now  used  for  water 
works  pipes  excepting  in  cases  of  special  castings.  The  successfiil 
employment  of  the  bored  and  turned  joints  for  many  years  past  in  gas 
pipes,  which  had  been  mentioned,  had  led  him  to  endeavour  to  extend 
the  same  plan  to  water  pipes,  as  he  was  satisfied  of  the  advantages 
of  the  new  joints  in  simplicity  and  economy  of  laying :  but  it  had 
been  necessary  to  feel  the  way  slowly  and  carefully  in  applying  these 
joints  to  large  pipes  and  under  the  far  heavier  pressures  of  water 
mains   compared  with   gas  mains.      The  results   hitherto  obtained 
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bowever  appeared  to  him  so  satisfactorj  as  to  warrant  the  general 
adoption  of  the  bored  and  turned  joints  for  water  works  purposes. 

The  Chairman  enquired  whether  the  self-acting  shut-off  valyes 
that  bad  been  described  in  the  paper,  for  shutting  off  the  deliveiy  of 
water  from  the  reseryoirs  in  the  event  of  a  breakage  of  the  main,  were 
found  ever  to  get  out  of  order  and  fail  in  their  proper  action. 

Mr.  DiTKOAN  replied  the  shut-off  valves  had  never  failed  to  act 
properly  when  an  accident  had  occurred,  closing  at  once  the  outlet  from 
the  reservoir.  It  had  indeed  sometimes  happened  that  the  valves  had 
run  down  accidentally  without  any  breakage  of  the  main  :  but  the  only 
inconvenience  resulting  from  this  was  the  stoppage  of  the  water  until 
the  valve  was  set  open  again. 

Mr.  H.  0.  Bblob  enquired  whether  any  efficient  means  had  been 
feund  for  preventing  waste  of  water.  In  the  Liverpool  Water  Works, 
notwithstanding  the  very  large  supply  of  water  now  possessed,  the 
demand  was  increasing  so  rapidly  with  the  increase  of  population  as  to 
give  cause  for  some  anxiety  about  the  continuance  of  the  supply,  and 
the  want  of  some  efficient  means  for  pi'eventing  waste  was  much  felt. 
At  Whitehaven,  where  the  works  were  similar  to  those  of  Liverpool, 
the  supply  being  derived  from  a  lake  in  the  immediate  neighbourhood, 
it  had  been  necessary  to  issue  an  appeal  to  the  inhabitants  not  to 
waste  the  water,  that  the  supply  might  not  run  short. 

Mr.  I.  Smith  observed  that  the  waste  of  water  had  become  a  very 
serious  subject  in  some  towns  where  the  system  of  constant  supply  was 
maintained.  In  Birmingham  the  waste  was  very  extensive,  and  a 
house  to  house  visitation  had  been  made  to  ascertain  the  cause  ;  and 
he  understood  that  if  the  waste  could  be  prevented  the  water  would  be 
supplied  at  one  half  to  one  third  of  its  present  cost.  He  thought  an 
important  step  towards  preventing  waste  would  be  the  adoption  of 
water  meters  by  all  manufacturers  using  a  large  quantity  of  watei^ 
and  wherever  steam  boilers  were  employed  the  use  of  a  meter  would 
also  have  the  advantage  of  showing  the  amount  of  water  evaporated  in 
oomparison  with  the  fuel  consumed,  which  would  lead  to  greater 
eecmomy  than  at  present  prevailed.  He  was  himself  about  to  put 
down  some  water  meters  in  Birmingham,  and  he  enquired  what  meters 
found  good  and  reliable  for  regular  working. 
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Mr.  DuKOAN  said  he  had  constnicied  meters  himself,  which  he  had 
How  had  at  work  for  five  years,  and  thongh  somewhat  expensive  they 
always  indicated  within  one  per  cent,  on  either  side  of  the  actual 
quantity,  when  treated  with  moderate  care.  He  had  tried  the  single 
cylinder  meters  with  tumbling  lever  for  reversing  the  valve,  and  had 
found  the  constant  knocking  was  apt  to  end  in  a  breakage,  and  if  the 
tumbler  ever  stopped  on  the  centre  it  allowed  the  water  to  flow  through 
the  meter  without  being  indicated.  This  he  considered  a  radical  defect 
in  any  construction  of  meter,  and  his  object  had  therefore  been  to 
obtain  one  that  was  sufficiently  simple  in  construction  and  could  not 
be  tampered  with  and  would  continue  in  efficient  working  order  for  a 
considerable  number  of  years,  registering  correctly  the  quantity  of 
water  passing  through,  without  being  liable  to  any  derangement.  The 
meters  he  had  constructed  had  a  pair  of  measuring  cylinders  with 
pistons  and  rods  and  slide  valves,  the  pair  being  coupled  together  by  a 
shaft  with  cranks  at  right  angles,  so  that  it  was  impossible  for  either 
piston  to  stick  on  the  centres ;  and  the  piston  rods  were  connected  to 
the  crank  pins  by  slotted  crossheads,  having  slightly  curved  slots 
allowing  one  cylinder  to  follow  the  other  in  action,  with  a  smooth 
continuous  flow  of  the  water  through  the  meter.  A  worm  on  the 
crank  shaft  worked  the  registering  dial  by  means  of  gearing  in  the 
ordinary  manner. 

Mr.  P.  P.  Mabshall  remarked  that  in  the  water  works  of  the 
North  London  district,  in  order  to  prevent  waste  of  the  water,  the 
service  pipes  had  originally  been  fitted  with  <'  preventors,'*  cotisisting 
of  a  long  vertical  cast  iron  cylinder  containing  a  weighted  gutta-percha 
ball  of  8  inches  diameter,  the  cylinder  being  made  slightly  larger  in 
diameter,  with  the  supply  pipe  entering  at  the  bottom  and  the  discharge 
pipe  passing  off  from  the  top.  When  the  tap  was  turned  to  draw  off 
water,  the  rush  of  the  water  into  the  cylinder  carried  the  ball  with  it 
and  closed  the  orifice  of  the  discharge  pipe,  so  that  only  one  cylinder 
full  of  water  could  be  drawn  off  at  a  time ;  and  when  the  tap  was 
closed,  the  ball  sank  again  gradually  by  its  own  weight  to  the  bottom 
of  the  cylinder.  These  preventers  however  had  now  all  been  removed, 
as  they  were  found  inconvenient  in  use  and  did  not  affect  the  waste  of 
water  sensibly  :  for  the  great  cause  of  waste  was  in  the  constant  supply 
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fystem,  irhen  taps  were  liable  to  be  left  partly  open,  and  here  the 
prerentoT  did  not  act,  as  a  slight  flow  of  water  was  not  snffident  to 
raise  the  bell  effectaally,  and  then  the  water  could  run  to  waste.  The 
pirliamentaxy  average  for  water  supply  was  reckoned  at  from  5  to 
25  gallons  per  day  to  each  inhabitant,  but  in  the  North  London 
district  be  was  supplying  from  60  to  70  and  even  100  gallons  per  head 
per  day.  The  best  plan  for  preventing  waste  he  thought  would  be  to 
compel  each  house  to  have  a  dstem  for  the  water,  and  to  fill  the 
dstem  only  once  a  day. 

Mr.  I.  BviTH  hoped  the  use  of  cisterns  would  not  be  reverted  to, 
for  the  report  of  the  sanitary  commission  showed  that  where  houses 
were  supplied  by  cisterns  a  great  deal  more  illness  prevailed,  especially 
among  the  poor,  who  would  not  keep  the  cisterns  clean  and  covered 
over,  and  a  quantity  of  foul  matter  gradually  accumulated  in  them  in 
oonseqnenoe.  Moreover  cisterns  were  not  really  productive  of  much 
saving  of  waste  he  thought ;  for  he  had  observed  that  in  Walworth, 
London,  when  the  supply  of  water  was  turned  on,  the  practice  was  to 
take  oat  the  plug  of  the  cistem  and  allow  the  water  to  run  to  waste 
untQ  near  the  time  of  the  supply  being  stopped,  in  order  to  cleanse  the 
cistern  with  little  trouble. 

Mr.  P.  P.  Mabshall  observed  that  outside  cisterns  might  be 
arranged  to  be  cleaned  regularly  by  the  local  authorities  supplying  the 
water,  without  any  trouble  to  the  consumers;  but  in  the  case  of 
internal  cisterns  that  were  covered  over,  he  had  found  the  necessity  for 
cleaning  scarcely  ever  arose  where  the  water  was  pure.  In  reference  to 
the  poorer  classes  and  small  properties,  the  neglect  was  generally  on 
the  landlord's  part,  and  he  had  known  of  some  cases  of  houses  being 
altogether  deprived  of  water  for  many  weeks  through  the  landlord's 
M^leot. 

Mr.  J.  Mo  F.  Gbat  suggested  that  ordinary  water  taps  might  be 
made  with  a  spring  added,  so  as  to  keep  them  always  shut,  in  order  to 
prevent  waste ;  and  he  had  seen  taps  made  with  a  sliding  piston  or 
plag,  closed  by  a  spring,  which  only  ran  so  long  as  the  plug  was  kept 
pressed  down  by  the  finger. 

Mr.  I.  6mith  said  the  objection  to  that  sort  of  valve  was  that 
with  a  high  pressure  of  water  the  sudden  closing  of  the  valve  caused 
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too  ^eat  a  shook  and  damaged  the  pipes,  by  suddenly  stopping  the 
etirrent  of  water.  The  india-rubber  diaphragm  yalves  closed  by  a  screw 
were  much  superior  in  this  respect,  the  diaphragm  being  made  of 
cloth  between  two  layers  of  india-rubber,  so  as  to  stand  the  screwing 
pressure ;  and  the  only  objection  he  had  found  to  them  was  that 
in  careless  hands  they  were  apt  to  be  screwed  down  too  tight  in 
shutting  off  the  water,  so  that  the  india-rubber  diaphragm  was  cut 
through,  and  had  to  be  replaced. 

Mr.  J.  J.  BiBOKBL  enquired  whether  the  sand  washing  apparatus 
at  the  filtering  works  continued  to  work  efficiently,  and  what  was  the 
quantity  of  sand  it  would  wash  in  regular  work.  He  understood  the 
original  machine  at  Crewe,  on  the  principle  of  which  the  present  one 
was  constructed,  had  proved  very  satisfactory  in  working. 

Mr.  DuNOAK  replied  that  the  sand  washing  machine  had  been 
found  thoroughly  satisfactory,  washing  10  cubic  yards  of  sand  per 
hour  and  loading  it  into  wagons  ready  for  use. 

The  Chairman  remarked  that  the  Liverpool  Water  Works  were 
amongst  the  finest  at  present  in  existence ;  and  in  consequence  of 
their  twofold  character,  partly  gravitation  and  partly  pumping, 
there  was  ample  scope  for  future  extension  to  meet  the  increasing 
requirements  of  so  large  a  commercial  town.  He  moved  a  vote  of 
thanks  to  Mr.  Duncan  for  his  paper,  which  was  passed. 


The  Meeting  was  then  adjourned  to  the  following  day.  In  the 
afternoon  the  Members  were  conveyed  by  special  steamer,  granted  for 
the  occasion  by  the  Cunard  8team  Ship  Co.  through  the  kindness 
of  Mr.  Maclver,  to  the  Mersey  Steel  and  Iron  Works,  which  were 
opened  to  their  inspection :  they  were  also  handsomely  entertained 
at  the  works  by  Mr.  Clay.  In  returning,  the  steamer  was  taken 
round  the  Great  Eastern  steam  ship  lying  in  the  river. 
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The  Adjourned  Meeting  of  the  Members  was  held  in  the  Concert 
Boom,  St.  George's  Hall,  Liverpool,  on  Wednesday,  5th  August, 
1863 ;  William  Clay,  Esq.,  Chairman  of  the  Local  Committee,  in 
the  Chair. 


The  following  paper,  commmiicated  through  Mr.  Gfeorge  Harrison, 
was  read : — 


Digitized  by  VjOOQ  IC 


194 


ON  THE  MECHANICAL  VENTILATION  AND  WARMING 
OF  ST.   GEORGE'S  HALL,  LIVERPOOL. 


By  Mr,  William  MACKeaiziB,  of  Liyebpool. 


The  works  for  Ventilating  and  Warming  St.  George's  Hall, 
Liverpool,  are  from  the  plans  of  the  late  Dr.  D.  B.  Reid,  and  may  be 
classed  nnder  the  five  following  heads : — Snpply  of  Air,  Wanning, 
Cooling,  Moisture,  and  Ventilation.  The  arrangements  for  these 
several  purposes  are  shown  in  the  diagrams,  Plates  54,  55,  and  56. 
Fig.  1,  Plate  54,  is  a  longitudinal  section  from  end  to  end  through  the 
centre  of  the  building.  Figs.  2  and  S,  Plate  55,  are  plans  showing 
the  arrangement  of  the  air  passages  in  the  basement  of  the  building, 
at  the  levels  of  the  upper  and  the  lower  air  channels  respectively. 
Fig.  4,  Plate  56,  is  a  transverse  section  through  the  civil  court, 
looking  south.  In  all  these  diagrams  the  coarse  of  the  air  is  indicated 
by  the  arrows,  and  the  vitiated  air  is  shown  by  the  dotted  portion. 

Supply  of  Air, — The  principal  supply  of  air  is  by  the  two 
descending  shafts  A  A,  Figs.  8  and  4,  Plates  55  and  56,  at  each  end 
of  the  east  portico.  These  are  connected  together  by  a  long  passage, 
from  which  there  are  lateral  arches  leading  to  the  four  ventilating  fans 
B  B  that  send  the  air  through  the  building.  On  account  of  the 
graveyard  on  the  west  side  of  the  building,  air  is  not  admitted  on  that 
side,  except  by  windows  and  when  the  barometer  is  high.  There  are  also 
supply  shafts  to  each  court,  and  openings  along  the  sides  of  the  central 
hall  immediately  above  the  vrindows,  Fig.  1,  Plate  54,  by  which  air  is 
brought  down  to  the  galleries  of  the  hall,  so  that  when  necessary  a 
very  large  additional  supply  of  air  can  be  obtained  from  the  highest 
part  of  the  building  ;  but  in  general  the  supply  from  the  shafts  A  A 
alone  is  preferred,  and  with  few  exceptions  has  been  found  sufficient. 

Warming, — The  air  is  warmed  by  means  of  two  steam  boilers  0  D, 
Fig.   8,   Plate  55,  and  two  hot  water  boilers  E  F ;   to  which  are 
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attached  82  ooUs  of  pipes,  5  for  hot  water,  shown  at  G  H  IJ  K,  and 
27  for  steam,  of  which  8  are  shown  at  L  M  N.  The  pipes  forming 
the  hot  water  coils  are  4  inches  diameter,  and  those  forming  the  steam 
coils  2  inches  diameter ;  the  snpply  pipe  from  the  hot  water  boilers  is 
12  inches  diameter,  and  that  from  the  steam  boilers  is  the  same  as  the 
coils,  2  inches  diameter.  On  the  top  of  the  hot  water  boilers  expansion 
boxes  are  placed  to  receive  the  increased  bnlk  of  the  heated  water ; 
and  on  the  leading  and  other  pipes  there  are  expansion  joints  and 
stop  yalves,  so  as  to  keep  the  joints  of  the  pipes  in  proper  order. 
Thermometers  are  placed  in  front  of  the  hot  water  boilers  E  F,  as 
well  as  on  the  main  coils  H  I,  so  that  the  difiference  in  temperature 
between  the  flow  and  return  pipes  is  easily  ascertained.  The  average 
heat  in  the  liot  water  boilers  is  150^  Fahr.,  the  return  water  being 
from  15^  to  20^  cooler.  In  connexion  with  the  coils  there  is  an 
inrangemeikt  of  air  valves  in  the  chambers,  which  effed^uallj  shuts 
off  the  hesftt  when  a  reduction  of  temperature  is  required,  so  as  to 
avoid  nmmng  off  the  hot  water  from  the  boilers.  The  water  in  the 
boilers  and  pipes  is  changed  as  seldom  as  possible,  so  as  to  prevent 
corrosion  in  them.  The  hot  water  apparatus  is  the  important  source 
of  heat  for  the  principal. parts  of  the  building,  and  is  the  one  alwi^s 
used,  except  in  extreme  cold  weather  ;  since  the  less  the  temperature 
is  elevated,  the  more  agreeable  is  the  quality  of  the  air. 

The  five  hot  water  coils  are  arranged  in  the  situations  shown  in  the 
plan.  Fig.  8,  Plate  55,  and  are  as  follow  : — 

1.  The  main  south  oott  H 

2,  The  nudo  north  ooil  I 
a  The  sooth  hall  coil  O 
4.  The  west  concert  ooil  J 
6.    The  east  oonoert  ooil  E 

Ihe  heat  from  the  whole  of  the  coils  can  be  directed  on  any  given 

apartment  or  subdivided  as  occasion  requires  by  opening  or  closing 

the  numerous  valves  of  doors  in  the  air  chambers  iAiat  extend  over 

the  idiole  bmlding,  in  a  manner  veiy  similar  to  the  mode  of  regulating 

tte  vaatQation  in  a  coal  mine.     In  simply  warming  the  building,  all 

the  valves  for  the'^escape  of  vitiated  air  are  closed,  and  the  same  air  is 

driven  by  the  fans  round  and  round  the  hall,  courts,  and  corridors, 

until  the  required  temperature  has  been  reached.     By  thus  preventing 
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the  escape  of  warm  air  before  it  is  contaminated,  a  considerable  saving 
is  effected  in  the  consumption  of  fiiel.  The  building  is  kept  at  a 
temperature  as  near  65^  as  possible.  The  fuel  used  for  the  boilers 
is  soft  coke,  but  ordinary  gas  coke  is  used  for  the  open  fireplaces, 
the  great  height  of  the  smoke  shafts  causing  a  very  powerful 
draught. 

The  steam  apparatus,  of  which  three  coils  are  shown  at  L  MN, 
Fig.  3,  Plate  55,  is  used  principally  as  an  auxiliary  warming  power, 
and  in  the  winter  months  the  steam  coils  are  used  in  the  early  part  of 
the  morning  before  the  commencement  of  business,  to  warm  the  halls 
and  passages  ;  and  the  heat  is  afterwards  maintained  by  the  hot  water 
coils,  depending  of  course  upon  the  state  of  the  external  atmosphere, 
the  quantity  of  air  required,  and  the  manner  in  which  the  water 
apparatus  may  at  the  time  be  in  use.  All  the  coils  have  their 
appropriate  stop  valyes,  and  can  be  put  in  operation  either  collectively 
or  individually.  In  very  cold  weather,  or  when  heat  is  suddenly  or 
quickly  required,  then  by  an  arrangement  of  steam  pipes  the;  steam 
itself  is  blown  in^  the  warm  air  passages,  care  being  taken  that  no 
more  is  given  than  the  atmosphere  will  absorb. 

Cooling. — In  the  summer  the  various  hot  water  coils  are  used  for 
cooling  the  air,  cold  water  being  introduced  into  them  instead  of  hot, 
and  caused  to  run  through  them  to  such  an  extent  as  may  be  necessary. 
The  vaults  however  are  always  so  cool  that  this  process  is  seldom 
resorted  to. 

Moisture, — In  artificial  warming,  moisture  is  of  the  greatest 
importance,  for  if  the  air  is  warmed  to  a  summer  heat  it  ought  also 
to  possess  the  summer  moisture.  A  special  steam  boiler  O,  Fig.  S, 
Plate  55,  is  employed  for  this  purpose,  to  which  pipes  are  attached  so 
as  to  convey  the  steam  to  each  of  the  principal  warming  apparatus 
where  moisture  is  most  likely  to  be  required;  the  steam  is  there 
discharged  into  the  air,  the  quantity  being  regulated  by  a  hygrometer. 
To  prevent  the  steam  from  imparting  any  objectionable  effluvium 
to  the  air,  the  boiler  is  made  of  copper  and  the  pipes  of  block  tin 
2  inches  diameter.       , 

In  addition  to  this  steam  boiler  there  is  a  fountain  P  in  the 
entrance  air  shafts  A  A,  Figs.  8  and  4,  Plates  55  and  56,  so  that 
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before  the  air  is  allowed  to  enter  tbe  cold  sir  chambers  it  mnst  pass 
throagh  a  spraj  of  water  varying  from  a  gentle  sbower  to  a  saturating 
mist,  not  so  much  for  the  purpose  of  receiving  moistare,  but  in  order 
that  it  may  be  washed  and  thereby  caused  to  enter  the  building  free 
from  smuts  and  dust.  Were  it  not  for  this  provision,  the  smell  of  soot 
from  a  neighbouring  chimney  on  fire  or  any  other  oiSensive  smell  would 
at  once  be  drawfi  into  the  fans  and  wafted  throughout  the  building. 

Ventilation, — The  ventilating  arrangements  have  been  made  so  as 
to  secure  from  7  to  10  cubic  feet  of  air  per  minute  to  each  person 
occupying  the  building,  and  the  extent  of  opening  of  the  supply  valves 
is  therefore  regulated  by  the  number  of  persons  present,  the  quantity 
of  air  driven  through  the  building  varying  from  1,000  to  50,000  cubic 
feet  per  minute.  The  openings  for  the  diffusion  of  the  air  into 
tbe  several  compartments  of  the  building  are  as  numerous  as  its 
structural  arrangements  will  >llow,  and  they  are  controlled  in  such  a 
way  that  the  whole  or  only  a  portion  of  them  can  be  open  at  one  time. 

Exactly  under  the  middle  of  the  floor  of  the  central  hall  a  10  horse 
steam  engine  is  fixed  at  R,  Figs.  1  and  3,  Plates  54  and  55,  for  the 
purpose  of  driving  the  four  fans  B  B,  which  are  10  feet  diameter  and 
5  feet  broad,  the  blades  being  2^  feet  in  width;  they  are  driven 
at  a  speed  of  from  45  to  60  revolutions  per  minute.  The  engine  is 
horizontal,  and  the  fans  are  placed  one  on  each  of  its  sides,  and 
are  known  from  their  position  as  the  north,  south,  east,  and  west  fans. 
The  space  between  the  floor  of  the  hall  and  the  engine  room  is  divided 
into  three  channels  8,  Fig.  4,  Plate  56,  called  respectively  the  cold, 
warm,  and  temperate  air  channels.  Each  fan  has  its  own  section,  and 
the  four  fans  may  thus  be  working  simultaneously  on  different  portions 
of  the  building,  distributing  air  at  various  temperatures  according  to  the 
occupation  of  the  different  apartments.  When  necessary  however  all 
the  four  fans  can  easily  \}e  concentrated  and  made  to  supply  air  to  any 
one  section  of  the  building.  Thus  the  air  may  be  driven  through 
the  main  north  coil  I,  and  after  being  warmed  thereby  may  be 
conveyed  to  the  civil  court  and  the  concert  room,  Fig.  1 ;  whilst  the 
main  south  hot  water  apparatus  H  may  be  shut  off,  so  that  cold  air  is 
supplied  to  the  central  hall  and  the  crown  court.    These  arrangements 
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can  be  readily  interchanged  in  any  manner  desirable,  by  simply  altering 
the  anrangement  of  the  valves  in  the  air  passages. 

In  an  edifice  like  this,  where  the  requirements  are  so  varied,  it 
is  most  important  that  ample  mechanical  power  should  be  available  so 
as  to  meet  the  sudden  changes  that  frequently  arise,  as  for  instance 
when  the  bnilding  is  wholly  or  partially  occupied.  Special  care  has 
therefore  been  taken  to  have  sufficient  power  to  meet  every  change  of 
circumstance,  such  as  a  sudden  increase  or  decrease  of  numbers 
occupying  any  of  the  large  apartments,  either  case  requiring  a 
corresponding  alteration  to  be  made  in  the  working  of  the  ventilation, 
and  at  the  same  time  to  be  effected  without  causing  discomfort.  At  a 
concert  in  the.  large  central  hall,  Fig.  1,  Plate  54,  it  often  happens 
that  one  part  of  the  room  may  be  crowded  to  excess,  whereas  in 
another  part  it  may  be  nearly  empty ;  and  this  is  more  particularly 
illustrated  when  seats  are  reserved  for  a  portion  of  the  audience  in 
evening  dress,  and  the  other  parts  of  the  room  are  filled  by  persons  in 
ordinary  dress.  It  is  obvious  that  the  same  temperature  will  not 
be  agreeable  to  both,  and  consequently  arrangements  are  made  by 
which  those  in  the  reserved  seats  are  kept  in  a  temperature  consider- 
ably warmer  than  would  be  pleasant  to  those  in  the  body  of  the  hall. 
In  many  cases  more  depends  upon  the  rapidity  of  circulation  of  the  air 
than  upon  its  actual  temperature,  which  may  be  the  same  for  all  parts  of 
the  hall,  or  if  necessary  varied.  This  also  applies  to  the  crown  court  and 
civil  court,  which  are  divided  into  zones,  giving  a  separate  supply  to 
the  judge,  bar,  and  general  public,  one  part  of  the  court  being  much 
more  crowded  than  another.  The  temperature  of  the  principal  apart- 
ments is  recorded  every  hour,  and  for  this  purpose  a  number  of 
thermometers  are  placed  in  different  parts  of  the  central  hall,  courts, 
and  concert  room.  The  rapidity  of  circulation  causes  a  difference 
between  the  apparent  and  actual  temperature,  the  latter  being  higher 
than  is  imagined  by  those  exposed  to  i\^;  and  consequently  the 
thermometers  are  locked  up  and  concealed  from  ordinary  observation, 
because  under  certain  drcumstances  it  is  better  to  increase  the  velocity 
of  the  air  at  a  high  temperature  and  thus  make  it  feel  cooler,  than  to 
reduce  the  temperature  by  supplying  cold  air  and  thereby  causing 
discomfort  to  those  who  happen  to  be  near  to  the  openings  for  supply. 
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A  person  may  feel  very  warm  whilst  walking  during  a  hot  enmrner  daj ; 
bat  in  riding  on  a  vehicle  driven  at  an  ordinaiy  speed,  the  air  without 
change  of  temperature  becomes  agreeably  cooL  By  the  aid  therefore 
of  the  engine  and  fans,  complete  control  is  exercised  over  the  quantity 
of  air  supplied,  giving  at  the  same  time  the  effect  of  a  plenum  of 
pressure,  which  can  alone  entirely  neutralise  draughts  and  currents 
at  doors  in  crowded  apartments. 

The  vitiated  air  is  discharged  at  the  ceilings  of  all  the  apartments, 
as  shown  by  the  dotted  portions  in  the  diagrams,  Figs.  1  and  4, 
Plates  54  and  56 ;  and  after  passing  through  channels  between  the 
flings  and  roofs  is  discharged  into  the  external  atmosphere  by  the 
four  shafts  T,  Fig.  4,  forming  the  angles  of  the  central  hall.  Every 
panel  or  opening  in  the  ceilings  is  controlled  by  a  valve,  and  the 
number  that  may  at  any  time  be  open  depends  upon  the  quantity 
of  fifteh  air  supplied  from  below,  the  supply  regulating  the  discharge. 
With  the  exception  of  the  central  hall,  the  whole  of  the  vitiated  air 
from  the  concert  room,  courts,  rooms,  and  cells  is  drawn  towards  the 
four  shafts  T ;  and  in  order  that  thi/s  may  be  done  as  effectually  as 
possible,  provision  is  made  for  coke  fires  and  large  jets  of  gas  to  be 
used  as  occasion  may  require,  for  rarefying  the  air  in  these  shafts  and 
thereby  drawing  off  the  vitiated  air  more  rapidly.  The  draught  of  the 
shafts  is  controlled  by  iron  doors,  and  can  be  regulated  to  suit  the 
various  movements  to  which  the  ventilation  of  the  building  is  adapted. 
Owing  to  the  great  height  of  the  central  hall,  the  four  shafts  T 
are  not  available  for  this  portion  of  the  building  ;  and  the  vitiated  air 
from  it  as  therefore  discharged  through  the  ceiling  of  the  hall  intp 
a  large  foul  air  chamber  foimed  between  the  ceiling  and  roof,  and 
afterwards  into  the  open  air  through  glass  louvres  U,  Fig.  1,  which 
extend  all  around  the  highest  part  of  the  roof.  These  louvres  are 
controlled  by  valves,  so  that  any  side  may  be  used  for  the  discharge 
of  the  vitiated  air,  according  to  the  direction  of  the  wind. 

In  order  that  the  force  or  velocity  of  the  air  circulating  through 
the  building  may  be  readily  tested,  with  regard  to  either  supply  or 
discharge,  small  anemometers  are  placed  at  all  the  supply  and 
discharge  valves.     These  are  simply  paper  cylinders,  about  1  inch 

o2 
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long  and  i  mdi  diameter,  (mspended  pemiaiiflntlj  in  a  Tertiieal  poiitioa 
by  lilk  threads ;  and  from  the  angle  at  whioh  they  are  incUned  hj  Um 
cnrrent  of  air,  the  strength  of  the  cnrrent  is  observed.  By  this  maana 
it  is  «asy  to  peroeiTe  from  the  floor  of  the  central  hall  whether  tha 
diseharge  Talyes  in  the  ceiling  are  open  or  shut ;  and  thna  a  Awk  im 
always  kept  on  the  men  whose  duty  it  is  to  carry  oat  the  Tentilation. 

The  yarioos  chimneys  of  the  boilding  are  collected  into  the  four 
shafts  T,  Fig.  4,  Plate  56 ;  but  before  reaching  them  the  smoke  from 
ik<t  individual  fireplaces  in  the  Tarions  rooms  is  collected  into 
horizontal  flues  of  large  area,  passing  beneath  the  roofs,  lower  than 
the  highest  portions  of  the  bnilding,  and  afterwards  ascending  by  Ihe 
vertical  shafts  T.  These  four  great  shafts  are  each  dirided  into  thiea 
compartments,  two  being  for  the  smoke  and  one  for  the  vitiated  air, 
each  of  the  £our  large  boilers  0  D  E  F,  Fig.  £,  Plata  55,  having 
a  special  flue  to  itself.  On  the  top  of  these  shafts  b«t  not  readiing 
above  the  height  of  the  parapet  wall,  iron  loavres  are  fixed,  made 
of  angle  iron  and  thin  sheet  iron,  and  constructed  so  aa  to  allow  iJie 
vitiated  air  and  smoke  to  escape  as  well  as  to  prevent  the  ndn  firom 
descending.  Surrounding  these  louvres  deflectors  are  placed  for  the 
purpose  of  breaking  the  force  of  the  wind,  thereby  causing  an  eddy, 
and  thus  preventing  a  down  draught.  Dr.  Reid  considered  that  in 
ifitnodncing  these  shafts  he  had  effected  a  great  saving  in  the 
acchitectural  expense,  besides  maintaining  more  strictly  the  style  of 
arohitectore  adopted.  These  four  shafts  have  prevented  the  introdno- 
tion  of  ornamental  chimneys,  and  have  saved  the  buildbg  from  the 
unsightly  incongruities  too  frequently  seen  on  the  chimney  tops  of 
public  buildings  for  the  purpose  of  preventing  a  down  draught. 

The  air  valves  in  the  warm  air  chambers  are  light  wood  frames, 
covered  with  canvas  and  strong  paper,  and  afterwards  painted  so 
as  to  allow  of  washing.  The  walls  of  the  warm  air  ohambera, 
instead  of  being  plastered  in  the  usual  mann^,  are  covered  with 
cinders  and  plaster  from  2  to  3  inches  in  thickness,  so  as  to  enable 
them  to  retain  the  heat  when  <mce  they  are  warmed ;  and  by  this 
means  a  considerable  saving  is  effected  in  the  production  of  heat 
on  subsequent  occasions.  The  position  of  the  boilers  0  D  E  F,  Fig.  8, 
Plate  55,  underneath  the  floor  of  the  central  hall,  Fig.  1,  might 
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pnkMj  «aiiMr  tooift  ftar  ae  regwdt  explosion ;  bat  the  worUng 
preeeoie  is  ao  far  below  wbal  tbe  boilera  can  snatun,  and  ao  legnlAted 
hy  gMigea  in  oonnwriom  wiih  the  manager's  office  by  means  of  magnetio 
wires  to  an  alaram,  as  well  as  by  steam  ganges  fixed  on  the  o£Sce 
waliy  thai  the  fixed  limit  of  preasnre  cannot  be  exceeded  without 
immediate  diacorery. 

In  eondnsion  it  m^  be  stated  that  the  boilding  is  an  immense 
pnemnatic  machine,  kept  in  operation  according  to  the  necessities 
of  its  eccapfttioii.  When  the  building  is  nnoecapiedy  the  air  courses 
throi:^h  the  warm  and  cold  air  diambers,  the  halls,  courts,  and 
eonidora,  to  tfae^^extremitiea  of  the  building ;  whence  it  returns  to  its 
eantcal  sovice  to  be  again  dispersed.  Bat  with  the  building  in 
oeoiipation,  the  order  is  different :  the  air  then  becomes  contaminated 
and  ia  dieeherged,  and  the  aupply  and  disdiarge  are  proportioned 
to  the  extend  of  contamination.  It  it  eaey  to  admit  air  or  remove 
it  ftom  any  part  of  the  building,  or  to  reduce  the  action :  but  the 
aouHmt  of  aatisiiaction  finally  depends  on  the  skill  and  delicacy  with 
vhich  the  movement,  temperature,  moisture,  and  quantity  of  the  air 
are  adjosted,  so  aa  to  suit  the  feelings  of  the  audiences  during  the 
vatieoB  seasons  <d  the  year.  To  do  this  effectually,  care  has  to  be 
tdcen  as  far  as  possiUe  to  anticipate  every  change  that  fluctoating 
drramstanoes  may  render  desiraUe;  but  at  the  same  lime  not  to 
jield  too  eosily  to  the  mere  importunities  of  any  persons  of  delicate 
eoBstitDticmB,  who  are  usoally  the  first  to  demand  and  the  last  who 
alioekl  guide  any  change  that  may  be  in  opposition  to  Ihe  general 
Mings  of  those  who  are  present. 


The  Chaxucav  enqmred  wbaA  waa  the  Hmit  of  pressure  of  the 
steam  in  ike  boilers  employed  for  driving  the  engine  and  for  warming, 
and  whnt  eonatmction  of  boilers  wss  used. 

Mr.  Maokbuzis  relied  that  the  boilers  were  all  ordinary  Cornish 
boikn,  cylindrical  with  a  aingie  flue  through  them.  The  steam 
pmsare  waa  limited  to  SO  Iba.  per  square  inch  above  the  atmosphere ; 
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and  by  the  system  of  safety  apparnttis  that  was  adopted  as  described 
in  the  paper,  and  the  electric  indicator  communicating  inth  his  own 
office,  a  complete  check  was  provided  against  any  risk  of  this  pressure 
being  exceeded  in  work. 

Mr.  F.  J.  Brahwell  observed  that  he  had  had  an  opportunity  of 
inspecting  the  arrangements  described  in  the  paper  for  the  ventilation 
and  warming  of  St.  George's  Hall,  which  appeared  to  him  to  be  very 
perfectly  effected.  With  reference  to  the  mode  of -cooling  the  air  in 
hot  weather  by  filling  the  ordinary  hot  water  apparatus  with  cold 
water,  he  enquired  how  the  water  was  obtained  cold  enough  for  that 
purpose,  as  the  water  might  be  expected  to  be  near  the  same 
temperature  as  the  external  atmosphere,  in  which  condition  it  would 
not  be  of  use  for  cooling  the  air.  He  asked  also  what  proportion 
of  moisture  in  the  air  had  been  found  by  experience  to  be  most 
desirable  at  the  different  temperatures,  and  whether  the  dry  and  wet 
bulb  thermometer  was  used  for  ascertaining  the  degree  of  humidity ; 
it  was  a  delicate  matter  in  ventilation  to  adjust  the  moisture  in  the  air 
to  the  point  at  which  the  air  could  be  breathed  with  comfort.  He 
fully  concurred  in  the  necessity  of  washing  the  air  to  cleanse  it  from 
impurities,  having  had  opportunities  of  observing  the  great  amount  of 
impurities  with  which  the  air  was  charged  in  large  towns.  In  the 
case  of  a  large  com  mill  in  London  running  32  pairs  of  stones,  where 
he  had  put  up  four  fans  of  3  feet  diameter  for  supplying  the  stones 
with  air  to  facilitate  the  process  of  grinding  the  grain,  the  fine  flour 
dust  which  remained  suspended  in  the  air  and  was  collected  for  use 
had  been  found  to  be  so  blackened  by  the  impurities  mixed  with  it 
by  the  air  as  to  be  unfit  for  any  except  the  commonest  purposes,  such 
as  making  paste  for  bill  posting  and  other  analogous  purposes. 
As  the  air  driven  through  the  stones  was  required  to  be  as  dry  as 
possible,  in  order  to  assist  in  taking  moisture  from  the  flour,  the  air 
could  not  be  cleansed  in  this  instance  by  washing :  and  he  had  therefore 
put  up  a  number  of  fine  dry  canvas  screens,  one  behind  another,  for 
the  air  to  be  strained  through  on  its  way  to  the  fans,  and  it  was 
astonishing  to  find  the  quantity  of  dirt  that  accumulated  on  these 
screens  in  a  short  time,  showing  the  great  extent  to  which  the  air 
of  London  was  contaminated  with  impurities. ' 
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Mr.  Maokekzib  said  the  temperature  of  the  water  used  for  cooling 
the  air  in  hot  weather  was  generally  about  6^"*  or  55^  Fahr.  as 
supplied  direct  from  the  water  works  mains,  when  the  air  itself  was 
at  about  60^  or  CTen  higher,  so  that  there  was  sufficient  difference 
of  temperature  to  allow  of  the  air  being  considerably  cooled  by  the 
circulation  of  the  water  through  the  pipes.  For  ascertaining  the 
degree  of  moisture  in  the  air,  wet  and  dry  bulb  thermometers  were 
constantly  employed  in  the  air  passages,  and  by  adjusting  the 
moistening  apparatus  a  difference  of  4^  was  regularly  maintained 
between  the  two  bulbs,  which  was  found  to  give  just  the  proportion 
of  moisture  that  was  pleasant  for  breathing.  In  reference  to  cleansing 
the  air  by  washing  it  previous  to  its  dispersion  into  the  building, 
the  effect  of  the  cleansing  had  been  found  to  be  a  saving,  of 
about  24  shillings  a  week  in  the  cost  of  cleaning  the  air  passages, 
valves,  and  pipes,  two  persons  being  now  dispensed  with  that  were 
previously  required  for  that  purpose. 

Mr.  F.  J.  Brahwbll  remarked  that  Liverpool  was  fortunate 
in  having  a  supply  of  water  from  the  water  works  at  as  low  a 
temperature  as  54^  in  hot  weather :  in  London  it  was  rare  to  find 
the  water  from  the  mains  nearly  so  cool  as  that  during  the 
summer.  In  the  two  steam  boilers  that  were  used  for  heating  the 
numerous  steam  coils  he  enquired  whether  the  water  was  returned 
to  the  boilers  after  condensation,  or  whether  firesh  water  was  supplied 
to  the  boilers. 

Mr.  Macksnzib  replied  that  the  water  from  the  steam  coils  was 
not  returned  to  the  boilers,  but  fresh  water  was  put  in.  It  was  only 
in  the  hot  water  pipes  and  the  two  hot  water  boilers  that  the  same 
water  was  used  over  and  over  again,  because  in  that  case  the 
temperature  of  the  water  was  always  below  the  boiling  point,  amoxmting 
to  only  about  150^,  so  that  no  steam  was  generated  and  none  of  the 
water  evaporated ;  but  these  boilers  also  were  discharged  at  regular 
intervals  and  refilled  with  a  £resh  supply,  while  the  pipes  themselves 
were  not  emptied  except  on  rare  occasions. 

Mr.  T.  W.  Plum  thought  the  plan  of  admitting  the  fresh  air 
jU  the  bottom  of  the  apartments  to  be  ventilated  and  taking  off  the 
foul  air  at  the  top  was  contrary  to  the  principles  of  natural  ventilation ; 


Digitized  by  VjOOQ  IC 


204  MKOHASIOAL  YBSTILATIOH  AND  WABXiSa. 

and  raggested  that  the  better  waj  would  be  to  admit  the  fresh  air 
at  the  top  and  remove  the  vitiated  air  below,  eepeeiaUj  in  cfanrdieB 
and  other  large  public  buihfings.  By  thia  means  a  constant  supply  of 
freeh  air  wonld  be  imperceptibly  provided  for  breathing,  instead  of 
being  first  partly  contaminated  by  entering  at  the  feet  and  passiiig  up 
over  the  surface  of  the  body. 

Mr.  Maokbnzib  observed  that  the  objection  to  admitting  tha  fresh 
sir  above  and  drawing  off  the  fonl  air  below  was  that  by  that  plan  the 
descending  £resh  air  would  draw  down  with  it  the  products  of 
•ombsstion  from  the  gas  chandeliers,  whidi  in  the  present  syatom 
were  carried  off  with  the  products  of  respiration  at  the  top  o£  the 
room.  In  the  concert  room  in  which  they  were  now  meetings  the 
fresh  air  was  admitted  at  eadi  of  the  risers  of  the  steps  running 
all  round  the  wall  of  the  room  at  the  bottom,  Fig.  1,  Plate  54; 
MXkd  also  through  the  panels  round  the  vrall  of  the  gallery,  each  pancfl 
being  perforated  and  controlled  by  a  valve:  and  the  foul  air  from 
respiration  together  with  the  products  of  combuation  from  the 
chandeliers  was  all  taken  off  through  the  perforated  panels  in  the 
ceiling.  In  the  central  hall  there  were  three  modes  of  admitting  the 
fresh  air,— 1st  at  the  level  of  the  floor,  2nd  through  panels  in  the 
walls  a  few  feet  above  the  floor^  and  3rd  through  openings  in  the 
galleries  and  above  the  large  windows ;  all  of  these  could  be  em^oyed 
at  once  if  necessary,  whereby  an  abundant  supply  of  fresh  air  was 
provided,  even  when  the  hall  was  fully  occupied :  and  the  foul  air 
all  passed  off  through  the  apertures  in  the  ceiling. 

Mr.  W.  E.  NswTOH  oononrred  in  thinking  the  better  plan  £or 
ventilation  was  to  bring  the  fresh  air  down  from  above,  but  in  tliai 
arrangement  the  system  of  lightang  would  have  to  be  altered,  so  as  io 
keep  the  heat  and  fumes  of  the  gas  burners  separated  from  the  freeh 
air  entering  the  room ;  and  there  were  several  plaAs  of  lifting  by 
which  that  might  be  readily  accomplished.  The  first  ofajeet  he 
considered  was  to  find  out  by  experiment  the  best  mode  of  ventilafcioii, 
without  regard  to  its  expense;  and  when  that  was  ascertained,  no 
doubt  means  would  be  discovered  of  reducing  the  expense  to  a 
minimum.  Under  the  system  of  ventilation  described  in  the  piqper  as 
carried  out  in  Bt.  Gkorge^s  Hall,  the  consequenee  of  bringing  in  the 
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tah  air  at  ihe  bottom  of  the  rooms  was  tliat  it  became  contaminated 
iDBediatdj  oa  its  entrance,  throngli  being  breathed  bj  tbe  persons  on 
the  &)or ;  and  the  whole  room  w«s  therefore  oompletelj  fall  of  ?itiated 
air.  Bat  if  the  air  were  admitted  above  and  taken  off  below,  and  tbe 
%himg  arrangements  kopt  separate,  it  woold  not  become  contaminated 
mtil  reaching  the  bottom,  and  the  whole  room  would  be  fall  of  pore 
air  eioqptiBg  only  a  thin  stratum  of  vitiated  air  just  at  the  floor  level. 

Mr.  J.  Fkbkib  ihosght  it  was  not  the  correct  plan  to  admit  the 
finsk  air  from  above  in  large  buildings,  because  the  great  difficulty  in 
all  sDoh  cases  was  to  prevent  down  draughts.  With  the  ordinary  system 
of  lighting  from  above,  ihe  gas  burners  near  the  ceiling  necessarily 
prodneed  a  powerful  ascending  current,  which  was  all  available  as  an 
aid  for  ventilation  when  the  fresh  air  was  admitted  below ;  but  the 
whole  advantage  of  this  upward  draaght  would  be  lost  if  the  air  were 
faronght  in  at  the  top.  He  therefore  thought  Dr.  Beid's  mode  of 
TMitiktion  as  here  earned  out  was  the  correct  plan. 

Mr.  I.  Smith  understood  that  the  plan  of  admitting  fresh  warm 
•ir  at  the  top  and  taking  it  away  at  the  bottom  by  mechanical  means, 
wiudi  was  known  as  Van  Heoke's  method  of  ventilation,  had  been 
aanied  out  at  Baron  Bothschild's  new  house  in  London  ;  and  the 
nsolt  was  that  so  long  as  the  rooms  were  not  much  occupied 
Ae  ventilation  was  not  bad,  the  vitiated  air  being  then  so  greatly 
dibted  by  the  large  quantity  of  fresh  air  admitted ;  but  when  they 
Mrs  crowded  and  the  gas  lighted  the  air  was  not  so  good,  owing  to 
Um  hot  impure  air  from  the  lungs  and  the  highly  heated  products  of 
combastion  from  the  gas  lights  first  rising  to  the  upper  part  of  the 
loom.  This  e£fect  might  indeed  have  been  anticipated,  when  it  was 
iBBiombered  that  in  all  ordinary  buildings  the  air  exhaled  in  breathing 
vas  at  a  considerably  higher  temperature  than  the  atmosphere,  being 
given  oiF  from  the  lungs  at  about  100^  Fahr. ;  so  that  it  would 
aatofally  rise,  and  could  not  be  made  to  pass  away  with  sufficient 
npidity  when  taken  off  at  the  bottom  of  the  building  alone,  while  at 
tbe  same  time  the  fresh  air  descending  from  above  became  partly 
ionttminated  before  it  was  used,  by  mixing  with  the  rising  vitiated  air. 
In  order  to  remedy  the  defect,  a  small  portion  of  the  impure  air  was 
tibn  cS  from  the  top  of  the  room,  and  the  remainder  from  the  bottom. 
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Under  particalar  circainstances  no  doubt  it  was  right  to  admi^ 
the  fresh  air  at  the  top,  as  in  the  case  of  Turkish  baths,  because 
there  the  temperature  of  the  room  was  maintained  at  120^  to  140^, 
or  20^  to  40^  above  that  of  the  body,  so  that  the  air  became 
in  that  case  cooled  instead  of  heated  bj  respiration,  and  would 
therefore  naturally  pass  ofif  from  the  bottom  of  the  room.  But  for 
ordinary  public  buildings  he  thought  the  system  of  ventilation  carried 
out  in  8t.  George*  s  Hall  was  the  most  perfect  he  had  ever  seen,  the 
whole  of  the  products  of  respi^ration  and  combustion  being  removed 
above  and  thereby  prevented  from  tainting  the  pure  air  admitted  below. 
The  plan  of  forcing  in  the  fresh  air  by  mechanical  means,  by  the  four 
ventilating  fans,  had  an  important  bearing  on  the  success  of  the 
system,  ensuring  a  constant  plenum  of  pressure  throughout  the 
building,  slightly  in  excess  of  the  atmospheric  pressure;  in  consequence 
of  which  it  was  impossible  for  any  inward  draught  of  cold  air  to  take 
pl&ce  when  any  of  the  doors  were  opened.  Without  resorting  to  such 
mechanical  methods  it  appeared  impracticable  to  ventilate  large 
buildings  satisfactorily  ;  and  he  might  mention  that  in  the  case  of  the 
Birmingham  Town  Hall  the  ventilation  had  hitherto  been  a  complete 
failure,  the  only  ventilating  power  being  three  large  sunlights  near  the 
ceiling,  which  produced  a  strong  upward  current  from  the  hall,  but 
entailed  also  violent  draughts  through  the  doors  whenever  they  were 
opened,  and  down  draughts  of  cold  air  from  the  cooling  surface  of  the 
windows  when  all  the  doors  were  closed :  whereas  if  a  supply  of  warm 
air  were  always  brought  in  at  the  bottom  the  liability  to  down  draughts 
would  be  obviated. 

For  the  ventilation  of  dwelling  houses  or  moderate  sized  workshops 
he  had  found  mechanical  appliances  were  not  required ;  but  the 
ventilation  was  efficiently  accomplished  by  means  of  the  simple 
ventilators  on  Mr.  Muir's  plan,  which  he  had  found  invariably  proved 
completely  satisfactory,  consisting  of  a  vertical  shaft  or  flue  terminating 
at  the  top  with  open  louvre  sides  and  divided  into  four  parts  by  two 
vertical  partitions  placed  at  right  angles  to  each  other:  by  this 
arrangement,  in  whatever  direction  the  outer  air  might  be  moving  or 
however  slowly,  the  fresh  air  was  made  to  pass  down  through  two  of  the 
divisions  into  the  apartment  to  be  ventilated,  while  the  vitiated  air 
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ascended  throngii  the  other  two  diyisions  of  the  shaft.  For  house 
Tentilatioii  the  air  was  thus  brought  down  from  the  roof,  which  was  a 
point  of  great  importance  in  towns,  where  the  air  was  more  impure  at 
the  level  of  the  ground.  The  size  of  the  chimney  flues  also  required 
considerable  alteration  from  the  present  practice,  as  he  had  found  that 
the  ordinary  chimneys  were  built  hi  too  large  in  proportion  to  the 
rooms  and  the*fires  burnt,  causing  an  incessant  draught  from  the  doojrs 
or  windows ;  and  for  houses  of  two  stories  high  flues  9  inches  square  or 
eyen  smaller  were  amply  sufficient  for  the  lower  rooms.  A  throttle 
▼alye  or  damper  should  be  inserted  in  the  flue  above  the  flre,  as 
recommended  by  Dr.  Amott,  for  regulating  the  amount  of  the  draught 
according  to  the  size  of  the  fire  or  the  rapidity  with  which  it  was  wanted 
to  bum :  and  the  firegrates  should  be  made  entirely  of  firebrick,  without 
any  iron  about  them  excepting  the  bars  in  front.  He  had  himself  carried 
out  these  plans  at  his  own  house,  having  had  the  chimneys  bricked  up  to 
9  inches  square,  with  throttle  valves  inserted  and  firebrick  grates ;  and 
the  result  had  been  that  for  the  last  five  years,  ever  since  the  alteration 
had  been  made,  he  had  never  required  the  chimneys  sweeping,  as  there 
was  never  any  soot  deposited  in  theAi. 

The  amount  of  impurities  contained  in  the  atmosphere  in  large 
towns  was  certainly  astonishing  ;  for  on  taking  down  a  ventilator  cap 
at  the  works  he  was  connected  with  in  Birmingham,  after  it  had  been 
up  about  five  years,  he  had  found  the  inside  of  the  ventilator  was 
coated  with  soot,  and  the  inside  trough  3. inches  deep  surrounding 
it  was  completely  filled  with  soot  and  dust ;  whilst  a  ventilator  which 
had  been  up  the  same  length  of  time  four  miles  out  of  the  town  was 
still  free  from  any  deposit  of  the  kind.  This  showed  that  it  was  highly 
desirable  for  the  air  to  be  purified  in  large  towns,  by  some  process  of 
washing  such  as  had  been  described ;  and  the  purification  was  even 
more  important  for  private  houses  than  in  ventilating  public  buildings. 

Mr.  J.  Ferni£  enquired  how  long  the  system  of  ventilation  in  St. 
George's  Hall  had  been  in  operation  :  and  in  what  respect  it  differed 
from  that  of  the  House  of  Commons,  where  he  understood  Dr.  Reid's 
plans  had  been  adopted. 

Mr.  Maokbnzie  replied  that  the  St.  George's  Hall  was  opened  in 
1854,  and  the  system  of  ventilation  now  described  had  been  constantly 
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at  work  with  complete  sticoess  from  that  time.  TUb  was  the  largest 
work  that  Dr.  Beid  had  carried  ont,  and  the  most  successful,  as  in  this 
building  his  own  plans  were  thoroughly  carried  out,  whereas  at  the 
House  of  Commons  that  was  not  the  case :  St.  George* s  Hall  was 
indeed  the  only  large  building  where  his  system  of  Tentilation  had  been 
carried  out  in  its  integrity  according  to  his  own  views.  The  principle 
of.  the  system  was  to  assist  the  natural  ventilation,  instead  of  running 
counter  to  it ;  and  the  whole  of  the  ventilating  apparatus  had  proved 
entirely  successful  in  working,  without  occasioning  any  difficulty  at  any 
time,  and  with  no  repairs  or  expenses  beyond  the  ordinary  working 
expenses  of  the  engine  and  boilers. 

The  Chairman  observed  that  the  question  of  ventilation  was  one  of 
great  importance  in  all  buildings,  and  more  especially  so  in  reference 
to  public  buildings  in  large  towns.  In  the  case  of  St.  George's  Hall 
he  believed  the  ventilation  was  more  efficiently  accomplished  than  in 
any  other  large  public  building  that  he  knew  of,  this  being  tlie  only 
building  in  which  Dr.  Reid  was  supported  by  the  architect  and  had  his 
own  plans  thoroughly  carried  out.  He  moved  a  vote  of  thanks  to 
Mr.  Mackenzie  for  his  paper,  which  was  passed. 


The  following  paper,  conmiunicated  through  Mr.  John  Ramsbottom, 
was  then  read  : — 
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ON  MACHINERY  FOR  THE  MANUFACTURE  OF 
PLATE  GLASS. 


Bt  Mr.  GEORGE  H.  DAGLISH,  or  St.  Helen's. 


Within  the  last  ten  years  the  production  of  Plate  Glass  in 
England  has  been  qnadrapled,  whilst  in  the  same  time  the  price  has 
been  diminished  fdHj  one  half.  The  present  extent  of  the  mann&ctnre 
in  Qm  oonntry  is  about  85,000  square  feet  per  week,  whilst  about 
12,000  square  feet  per  week  of  foreign  plate  glass  is  imported.  The 
foreign  glass  has  obtained  a  preference  from  its  superior  lightness  of 
ookmr,  which  arises  from  the  greater  purity  of  the  materials  that  it 
is  made  o^  particularly  with  regard  to  the  sand,  of  which  the  foreign 
makers  hsbve  an  abundant  supply,  of  great  purity  and  light  colour, 
as  seen  from  the  specimens  now  -exhibited  of  English  and  foreign 
Band. 

Under  the  influence  of  competition,  the  English  manu&ctnrers 
have  lately  commenced  an  extensive  course  of  experiments  with  the 
view  of  improving  the  quality  of  the  plate  glass  made  in  this  country, 
and  also  reducing  the  cost  of  manufacture ;  and  in  some  instances 
very  decided  success  has  thus  &r  been  the  result.  In  order  to 
accomplish  these  objects,  the  sand  employed  at  the  British  Plate 
Glass  Works  at  Ravenhead  near  St.  Helen's  is  now  imported  j&om 
France ;  and  every  precaution  is  adopted  to  ensure  as  &r  as  possible 
the  chemical  purity  of  the  other  ingredients  of  the  glass.  At  these 
works  also  two  of  Mr.  Siemens*  regenerative  gas  fiimaces  (see 
Proceedings  InBt.  M.  E.,  1862,  page  21)  have  been  erected  for  melting 
the  materials  for  the  plate  glass;  and  from  the  absence  of  smoke  and 
dust  in  them,  and  the  fiebcilities  they  afford  for  regulating  the  heat, 
these  furnaces  have  contributed  greatly  to  the  desired  results.  Under 
these  altered  circumstances  the  glass  now  manufactured  is  ftdly 
equal  in  every  respect  to  the  best  samples  of  the  French  production. 
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As  time  is  money,  any  improvement  which  tends  to  expedite 
the  manu&ctnre  of  glass  is  of  importance.  This  is  strongly 
exemplified  in  the  process  of  annealing.  After  the  materials  have 
undergone  the  process  of  melting  in  the  fnmace  and  are  considered 
in  a  fit  state  for  casting,  the  pot  containing  the  melted  mass  is 
taken  to  the  casting  table,  and  its  contents  ponred  out  on  one  end 
of  the  table,  in  front  of  a  larg^  cast  iron  roller;  the  material  is 
then  spread  out  over  the  sur&ce  of  the  table  by  passing  the  roller 
over  it,  the  thickness  of  the  plate  of  glass  being  regolated  by  strips 
of  iron  placed  along  each  side  of  the  table,  on  which  the  ends  of 
the  roller  mn.  As  soon  as  the  plate  of  glass  is  sufficiently  solidified 
to  bear  removal,  it  is  introduced  into  an  a.nTiflaliTig  oven,  there  to  be 
gradually  reduced  in  temperature  or  "  annealed,'*  until  it  is  fit  to  be 
exposed  to  the  atmosphere  without  risk  of  fractore.  This  process 
of  annealing  used  formerly  to  occupy  upwards  of  a  fortnight,  but 
from  the  improved  arrangement  and  construction  of  the  annealing 
oven  it  is  now  completed  in  four  days ;  thus  three  times  the  quantity 
of  glass  can  now  be  annealed  in  each  oven  compared  with  what  was 
formerly  considered  possible ;  and  consequently  a  large  outlay  in 
building  and  in  space  has  been  saved,  since  only  one  layer  of  plates 
can  be  placed  in  the  oven  at  one  time,  no  method  of  piling  the  plates 
being  considered  practicable  or  even  safe.  The  chemical  difficulties 
and  manipulation  in  producing  the  raw  material  have  thus  been  very 
satisfifcctorily  overcome  ;  but  the  problem  of  carrying  out  the 
necessary  improvements  in  the  subsequent  mechanical  operations 
has  not  perhaps  been  so  completely  solved,  though  considerable 
strides  have  been  made  in  that  direction  also. 

The  plates  of  glass  when  taken  from  the  anneaJing  ovens  are 
exceedingly  irregolar,  particularly  on  the  sur&ce  which  has  been 
uppermost  in  the  process  of  casting,  that  surface  being  undulated 
or  wavy  after  the  passage  of  the  roller  over  it  whilst  in  a  semifluid 
state;  the  lower  side  too  is  afiected  by  any  irregularities  on  the 
surj&ce  of  the  casting  table,  and  also  to  some  extent  by  the  floor  of 
the  annealing  oven ;  and  both  sides  of  the  plates  are  also  covered 
with  a  hard  skin,  semi-opaque.  The  plates  vary  in  size,  the  largest 
being  about  17  feet  long  by  9^  feet  wide ;  and  the  thickness  varies 
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aocoTding  to  tlie  size  from  3-8ths  to  5-8tlis  inch.  Tlie  first  process 
to  which  the  plates  are  sabmitted  is  that  of  grinding,  to  take  off  the 
hard  skin  and  reduce  the  snr&ce  to  a  nniform  plane,  which  is 
performed  by  the  application  of  sand  and  water.  The  second  process 
is  that  of  smoothing,  which  is  a  continuation  of  the  first  process, 
bat  performed  with  emery  of  seven  different  degrees  of  fineness,  so 
as  to  prepare  the  surfiice  of  the  glass  for  the  final  process  of  polishing. 
This  last  process  is  effected  by  the  use  of  oxide  of  iron  employed  in 
&  moist  state. 

The  machine  in  general  use  for  Grinding  is  that  which  was 
originally  employed  at  the  commencement  of  the  glass  manu&cture, 
and  is  beheved  to  haye  been  designed  by  James  Watt.  It  is  known 
by  the  name  of  the  "  fly  frame  V  machine,  and  is  shown  in  side 
elevation  and  plan  in  Figs.  1  and  2,  Plates  57  and  58.  It  consists 
of  two  benches  of  stone  A  A,  sufficiently  large  to  hold  a  plate  of 
glass,  and  placed  about  12  feet  apart ;  on  these  benches  the  plates  of 
glass  are  fixed  by  plaster  of  paris,  as  shown  by  the  black  line  in 
Fig.  1.  Each  bench  has  a  runner  frame  B  made  of  wood,  about 
8  feet  long  by  4?^  feet  wide,  shod  on  the  underside  with  plates  of  iron 
about  4  inches  broad  and  i  inch  thick,  and  provided  with  a  strong 
wrought  iron  stud  on  the  upper  side,  by  which  it  is  moved  about 
over  the  sur&ce  of  the  glass.  The  gearing  for  driving  these  two 
numer  frames  B  is  placed  between  the  two  benches,  and  consists  of 
the  square  cast  iron  fly  frame  C,  with  two  fiat  bars  D  hinged  to  it  on 
opposite  sides,  extending  over  each  bench  A,  and  suspended  from  the 
roof  by  long  chains,  as  shown  by  the  dotted  lines  in  Fig.  1,  so  as  to 
aDow  them  to  radiate  freely  in  every  direction ;  this  is  caUed  the 
•*  fly  frame  "  from  the  peculiar  motion  given  to  it,  and  each  of  the 
numer  frames  is  connected  to  it  by  the  central  stud  B,  Fig.  1, 
working  loosely  in  the  slot  between  the  bars  D.  The  fly  frame 
receives  its  motion  from  an  upright  spindle  B,  which  is  driven  from 
the  main  line  of  shafting  by  a  pair  of  bevil  wheels  with  a  friction 
clutch  for  throwing  in  and  out  of  gear.  On  the  top  of  the  spindle  E 
is  a  wrought  iron  arm  or  crank  carrying  a  moveable  stud,  which 
works  in  a  bush  in  the  centre  of  the  fly  frame  C.     Bound  the  centre 
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spindlQ  E  are  also  four  other  spindles  F,  eqtiidistant  from  the  oentaw 
spindle  and  from  one  another,  each  carrying  on  the  top  a  wrought 
iron  arm  or  crank  with  moyeable  stnd  similar  to  the  centre  one; 
these  stnds  severally  work  in  bushes  at  each  comer  of  the  fly  frame. 
Hence  when  motion  is  giyen  to  the  centre  spindle  £,  the  fly  frame  G 
is  carried  round  by  the  stud  on  the  crank  arm,  while  its  sides  ore 
always  kept  parallel  to  their  original  position  by  the  four  comer 
cranks  F.  The  two  runner  frames  B,  being  connected  by  their 
central  stud  to  the  arms  D  of  the  fly  frame,  receive  the  same  circular 
motion  as  the  fly  frame ;  but  at  the  same  time  they  are  lefb  free  to 
revolve  round  their  own  centres,  which  they  do  in  a  greater  or  less 
degree  according  to  the  varying  friction  of  the  grinding  sur&ces.  The 
grinding  motion  being  thus  obtained,  sand  and  water  ore  constantly 
applied,  until  the  sur&ce  of  the  ^lass  is  found  upon  examination  to 
be  free  from  aU  defects ;  the  sand  is  then  washed  off  the  glass,  and 
the  first  stage  of  the  smoothing  process  is  commenced  on  the  same 
machine  by  substituting  the  coarser  qualities  of  emexy-  in  place  of 
the  sand.  The  plate  of  glass  is  then  removed  from  the  bench, 
turned  over  and  replaced  on  the  bench,  and  submitted  to  the  same 
process  on  the  other  side.  The  speed  at  which  the  fly  frame  is 
driven  is  about  40  revolutions  per  minute.  It  yrSl  be  seen 
that  the  runner  frame  B,  Fig.  2,  is  not  sufficiently  large  to  act 
upon  the  entire  surface  of  a  large  plate  of  glass  at  one  time;  it 
is  therefore  necessary  to  divide  the  operation  and  shift  the  position 
of  the  runner  frame  as  the  work  requires  it,  by  inserting  the  centre 
stud  of  the  runner  frame  into  a  different  portion  of  the  slot  between 
the  fly-frame  bars  D. 

Until  the  last  few  years  the  principal  part  of  the  operation  of 
Smoothing  was  effected  by  manual  labour,  the  operation  being 
performed  by  rubbing  two  pieces  of  glass  together  and  applying 
emeiy  powder  between  them.  Qreat  care  is  requisite  as  the  work 
approaches  completion  that  no  scratching  shall  take  place ;  and  it  is 
on  this  account  that  hand  labour  is  considered  absolutely  necessary 
for  finishing  the  process,  the  slightest  scratch  being  immediately  felt 
by  a  practised  hand,  whilst  a  single  stray  particle  of  giit  on  a 
machine  would  spoil  the  whole  sur&ce  before  it  was  perceived. 
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About  1857  Mr.  Crossley  introdTieed  a  machuie  for  Eanoothing 
ibe  plates  of  glass,  wbicli  so  &r  succeeded  tha<i  the  nicety 
o£  tbe  band  toadh  is  only  required  for  the  final  parfc  of  the  operation. 
ThoB  Bmoothing  machine,  shown  in  plan  in  Fig.  B,  Plate  58,  is 
exceedingly  simple  and  inezpensiye,  consisting  of  a  long  wooden 
bar  C,  connected  at  one  end  to  a  crank  E  on  an  upright  spindle,  and 
extending  over  the  stone  bench  A  on  which  the  plate  of  glass  is 
laid ;  two  ronner  frames  B  of  wood  are  attached  to  the  bar  G,  and 
on  the  nnderside  of  each  frame  is  fixed  another  plate  of  glass ;  these 
«re  then  laid  upon  the  glass  on  the  bench.  In  thjs  case  the  runner 
frames  B  are  only  allowed  to  partake  of  the  motion  given  to  them 
by  the  bar,  and  are  not  left  free  to  revolve  round  their  own  centres 
as  in  the  grinding  operation  previously  described.  The  centre  of  the 
bar  0  between  the  two  runner  frames  is  kept  in  position  by  a  radius 
rod  Ot  secured  to  a  fixed  bracket  on  one  side  of  the  bench,  at  right 
angles  to  the  direction  of  the  bar.  The  crank  E  being  set  in  motion, 
the  bar  and  runner  frames  receive  a  movement  somewhat  similar  to 
the  figure  8,  which  is  very  similar  to  the  motion  given  in  mj^titiftl 
labour.  One  advantage  of  this  machine  is  that  two  sur&oes  of  glass 
are  finished  at  one  operation.  The  space  between  the  two  runner 
frames  B  is  found  very  convenient  for  applying  the  emery  and  also 
aseertaining  the  progress  of  the  work,  without  having  to  stop  the 
machine. 

The  machinery  used  in  the  Polishing  process  remains  the  same 
in  principle  as  that  originally  constructed  for  the  purpose.  Each 
machine  oonsiats  of  a  strong  cast  iron  frame  H,  Figs.  4  and  5, 
Plate  59,  about  18  feet  long  by  10  feet  wide,  containing  a  series  of 
small  rollers,  upon  whi^di  is  placed  a  wooden  table  I  with  two  racks 
on  the  underside ;  suitable  gearing  is  connected  to  these  racks,  to 
give  the  table  a  sbw  alternate  lateral  motion  so  as  to  bring  every 
part  of  the  plate  of  glass  under  the  aotion  of  the  rubbers  B.  The 
plates  df  glass  are  fixed  upon  the  table  I  by  plaster  of  paris,  and  the 
ends  of  the  table  move  between  slide  blocks  secured  to  the  main 
taane  H,  so  as  to  prevent  the  action  of  the  rubbers  from  displacing 
It.  The  rubber  blocks  B  are  pieces  of  wood  covered  with  felt,  and 
provided  with  a  central  spindle  and  adjustable  weights  to  regulate 
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the  amount  of  Motion ;  a  nmnber  of  these  blocks  are  secnred  to 
two  moveable  bars  D,  rmming  on  rollers  J  J  at  each  end  of  the 
table  If  and  driven  by  a  short  shaft  E  with  cranks  at  the  ends  set 
at  right  angles  to  each  other.  The  rubber  blocks  are  thns  worked 
transversely  to  the  motion  of  the  table;  and  by  applying  the 
polishing  powder  in  a  Hqnid  state  the  sur&ce  of  the  glass  is  gradually 
brought  up  to  the  requisite  degree  of  polish,  both  sides  of  the  plate 
successively  being  subjected  to  the  same  operation. 

About  1857  experiments  were  commenced  at  the  British  Plate 
Glass  Works  at  Bavenhead  with  an  entirely  different  class  of 
machinery  for  Grinding  and  Smoothing  plate  glass,  with  the  object 
of  increasing  the  production,  reducing  the  cost,  and  also  completing 
the  process  of  smoothing  upon  the  same  machine  on  which  the 
glass  is  ground,  so  as  to  obviate  the  necessity  of  a  separate  machine 
£br  smoothing,  and  also  save  the  expense  and  loss  of  time  in 
removing  and  refixing  the  plates  of  glass.  The  new  grinding  and 
smoothing  machine  is  shown  in  Figs.  6  and  7,  Plate  60,  and 
consists  of  a  revolving  table  K,  20  feet  diameter,  fixed  upon  a 
strong  cast  iron  spindle  L,  and  running  at  an  average  speed  of 
25  revolutions  per  minute,  driven  through  an  intermediate  upright 
shaft  M  from  the  main  line  of  shafting  N  by  a  pair  of  bevil  wheels, 
and  friction  cone  O  for  throwing  in  and  out  of  gear.  This  arrange- 
ment of  gearing  for  driving  the  table  was  made  by  Mr.  Daglish, 
and  was  adopted  in  order  to  obtain  a  long  spindle  L  for  the  table, 
of  a  length  equal  to  the  semi-diameter  of  the  table,  and  at  the 
same  time  to  keep  the  main  line  of  shafting  N  continuous,  for 
driving  a  series  of  tables  in  one  room.  Over  the  top  of  the  table  a 
strong  timber  bar  P  is  fixed,  about  10  inches  from  its  sur&ce ;  and 
on  the  two  opposite  sides  of  this  bar  are  bolted  two  notched 
plates  of  cast  iron  Q,  one  on  each  side  of  the  centre  of  the 
table.  The  notches  are  for  receiving  the  centre  studs  of  the 
runner  frames  B,  which  are  very  similar  to  those  used  on  the  old 
class  of  machinery ;  and  the  ronners  can  thus  readily  be  moved 
nearer  to  or  further  from  the  centre  of  the  table,  as  circumstances 
require,  by  shifting  the  stud  into  a  different  notch.     The  only 
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mo^n  which  thase  numer  .frames  have  is  round  Hkear  own  oentree, 

sad  this  is   given  to  them  by  the  excess  of  friction  on  the  side 

fioartheBt  from  the  centre  of  the  table  oyer  that  on  the  side  nearest 

to  ihe  centre,  this  excess  being  cansed  bj  the  greater  yelocity  of  the 

portion  of  the  table  further  from  the  centre.     It  is  evident  that  the 

amount  of  grinding  action  is  considerably  greater  on  this  machine 

than  upon  the  old  one,  both  from  the  increased  velocity  of  the 

Tonner  frames  themselves,  and  also  from  the  double  amount  of 

movement  obtained  by  the  revolution  of  the  table  K  and  the 

runner  frames  B.    The  idea  of  driving  the  runner  frames  themselves, 

as  well  as  the  table,  was  conceived  at  an  early  stage  of  the 

experiments ;  but  on  being  pnt  to  the  test,  it  was  found  that  the 

unaided  movement  of  the  runner  frames  adapted  itself  to  the  work 

to  be  performed  hr  better  than  any  compulsory  motion  could  do. 

It  baa  also  the  advantage  of  leaving  the  sur&ce  of  the  table  free  and 

unencumbered  with  any  machinery,  and  consequently  fibciHtates  the 

operation  of  laying  and  removing  the  plates  of  glass :    the  whole  of 

the  driving  machinery  is  also  covered  over  and  thus  protected  frxnn 

the  injurions  effects  of  the  sand  and  water  thrown  off  from  the 

edge  of  the  table  in  working. 

This  machine  has  been  found  to  answer  equally  well  for 
flmoothing  as  for  grinding ;  and  this  is  perhaps  its  most  successfril 
feature  in  a  commercial  and  economical  point  of  view.  Both  these 
processes  are  now  completed  on  it  at  the  Bavenhead  G-lass  Works, 
the  finishing  portion  of  the  smoothing  operation  alone  being  effected 
by  manual  labour  for  the  reasons  before  stated.  The  plates  of  glass 
being  generally  oblong  in  form,  it  was  found  that  the  machine  in  its 
original  shape,  having  a  circular  table  K  for  carrying  the  glass,  as 
shown  by  the  dotted  circle  in  Fig.  7,  Plate  60,  entailed  considerable 
waste  in  filling  up  the  area  of  each  table  for  grinding ;  and  it  was 
then  determined  to  alter  the  shape  to  that  of  an  unequal  sided 
octagon,  or  square  with  the  comers  taken  off,  as  shown  in  the  plan, 
Fig.  7 :  no  difficulty  has  been  experienced  in  the  process  of  grinding 
from  this  alteration  in  form,  whilst  the  amount  of  waste  in  ma.1ring 
up  the  tables  has  been  considerably  reduced,  and  greater  ftcihties 
are  obtained  for  grinding  large  plates.     The  amount  of  wear  and 
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tear  on  this  machine  has  been  fonnd  to  be  very  small  in  eompariscm 
with  the  old  machines,  owing  to  the  small  number  of  working  parts, 
the  lai^  extent  of  bearing  snr&ce,  the  smootlmess  of  the  motioii, 
and  the  complete  balancing  of  the  table.  The  quantity  of  glass 
finished  upon  one  of  these  machines  per  week  is  from  1200  to 
1500  sqnare  feet,  which  is  about  one  third  more  than  ihe  <Ad 
machines  are  capable  of  doing,  due  aUowance  being  made  for  tiie 
diffo'ence  of  area  in  them. 

The  first  point  to  which  attention  should  be  directed  for 
working  out  Airther  improvement  is  the  method  adopted  in  casting 
the  plates  of  glass,  and  the  machinery  employed  to  carry  out  ihe 
process.  It  has  been  stated  that  the  plates  of  glass  in  th«r  rough 
state  are  very  irregular,  so  much  so  that  about  40  per  cent,  of  the 
glass  is  ground  away  in  the  subsequent  processes,  which  is  a  serious 
waste  of  material  and  entails  a  great  expenditure  of  time  and 
material  in  the  process  of  grinding ;  it  is  therefore  worthy  of 
consideration,  whether  some  improvement  may  not  be  carried  out 
in  this  direction  by  obtaining  the  plates  of  glass  smoother  in  the 
first  instance.  The  grinding  and  smoothing  operations  are  believed 
to  be  now  improved  upon  the  previous  practice,  though  there  is 
no  doubt  room  for  fiorther  practical  suggestions  and  appliances. 
The  polishing  process  has  been  tried  to  a  limited  extent  on  the 
revolving  table  last  described,  but  without  any  practical  advantage : 
the  present  system  is  no  doubt  theoretically  correct,  as  the  action 
of  the  rubbers  is  regular  and  uniform  over  the  whole  sur&ce  of  the 
g^ass,  thus  keeping  up  a  uniform  temperature ;  but  some  motion 
producing  a  continuous  movement  of  the  rubbers,  instead  of  the 
present  alternate  movement,  would  no  doubt  reduce  the  wear  and 
tear  and  require  less  power,  and  would  probably  also  be  found 
capable  of  a  higher  velocity,  resulting  in  an  increase  of  productioii, 
provided  the  other  requisite  conditions  of  the  prooeae  wese 
complied  with. 
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Mr.  Wiin>V8  exhibited  Bpeckaeng  of  the  plate  giaae  from  the 
eererai  stages  of  the  mftnufiotorei  in  the  rough  state  after  castiiig) 
and  after  aach  oi  the  prooesseB  of  grmding,  finoothing,  and  polishing. 
He  also  ahoired  ^Moimena  of  plate  glass  made  from  English  and 
from  I!renoh  sand,  together  with  samples  of  the  sand  from  which 
thsj  wears  made,  showing  the  lighter  bolonr  and  greater  paritj  of 
the  Franoli  sand. 

Mr.  F.  J.  Brakwell  obserred  that  reference  had  been  made  in 
the  paper  to  the  highly  sadafaotoiy  working  of  Mr.  Siemens' 
regenoratftTe  gas  frunaoe  as  applied  for  melting  tiie  materials  to 
make  the  glass  at  the  Bayeahead  Works :  he  had,  as  engineer  to 
the  company*  recommended  the  adop^aon  of  that  frimaoe  for  the 
purpose^  b^ng  convinced  o£  the  great  advantages  that  would  be 
£mnd  to  attend  its  ose,  and  the  first  frimace  on  that  GoxwtriLctiom 
had  now  loeea  in  constant  work  for  fifteen  months,  and  a  eeoond 
aad  larger  friniaoe  had  been  erected  in  May  last,  wluch  had  also 
bssD  in  oonstant  work  since  that  time.  These  famaoes  he  believed 
left  nothing  to  be  desired  as  &r  as  regaorded  the  melting :  but  in 
other  respeoto  he  thought  the  process  of  making  plate  glass  was  9k 
pteosnfc  in  a  most  nnsstis&ctory  position,  and  some  improvements 
seemed  to  be  mnoh  wanted  in  the  meohamcal  contrivanoes  osed  in 
the  mantifeotare,  thoagh  he  must  admit  it  was  more  easy  to  make 
that  assertion  than  to  show  how  the  im|)rovament8  were  to  be 
effeeted.  A  ssnoas  objection  to  the  present  arrangements  was  the 
groat  ^>"^"i^"^  of  handling  that  the  plates  of  glass  had  to  nnderge 
in  the  several  prooesees,  which  was  evidently  an  important  point 
when  it  was  considoed  that  the  large  plates  fistched  a  higher 
price  per  sqnare  foot  than  smaller  ones,  aad  therefore  it  was 
desirable  to  avoid  ihe  risk  of  having  to  oat  np  latge  plates  into 
imaDer  sises  on  accoant  of  fiactores.  Under  the  present  methods 
hofwevar  the  risk  of  fractore  was  great,  from  the  number  of  times  the 
plates  were  handled :  on  leaving  the  amiealing  oven  ihe  ^iaJte  was 
handled  once  in  oonveyitig  it  to  the  grinding  machine  and  bedding 
ifc  there,  aad  affcarwards  a  second  time  in  taming  it  over  for  grinding 
the  second  side;  and  similarly  it  had  to  be  twice  handled  for  eaeh  of 
the  safaseqaent  prooesses  of  smoothing  and  polishing,  making  six 
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times  of  ha.Ti<i1ing  altogether  before  the  plate  of  glass  was  finished 
on  the  machines,  after  Which  it  had  still  to  be  twice  handled  in  the 
final  operation  of  hand  cleaning.  All  these  processes  he  considered 
ought  to  be  effected  without  more  than  twice  laying  the  plate,  once 
for  each  side ;  or  even  without  laying  the  plate  at  all,  by  working 
on  both  sides  of  it  simultaneously  :  and  in  this  respect  therefore  he 
thought  there  was  a  wide  field  open  for  improvements  in  the  plate 
^lass  manufacture. 

The  revolving  grinding  table  that  had  been  described  was  a 
decided  improvement  upon  the  old  fly-frame  grinding  machine, 
since  in  aU  mechanical  operations  it  was  better  to  get  rid  of  a 
reciprocating  action  wherever  practicable,  and  replace  it  by  a 
continuous  circular  motion.  The  new  construction  of  grinding  table 
waa  preferable  to  the  old  grinding  benches,  on  account  of  its 
protecting  all  the  machinery  below  it,  so  that  the  working  parts 
and  bearings  were  not  exposed  to  injury  from  the  grit  thrown  off 
profiisely  from  the  grinding  table.  A  ftirther  advantage  was  the 
large  size  of  the  table,  20  feet  diameter,  which  afforded  room  for 
working  on  the  whole  surface  of  a  large  plate  of  glass  at  once. 

A  serious  cause  of  loss  at  present  in  the  manufacture  was  the 
very  large  proportion  of  the  glass  that  had  to  be  removed  in  the 
process  of  grinding  in  order  to  obtain  a  level  surface  of  the  glass. 
The  undulations  on  the  surface  of  the  plates  before  grinding  could 
not  he  considered  be  produced  by  the  roller  on  the  casting  table,  as 
had  been  suggested,  because  the  roller  was  of  great  weight  and 
was  moved  forwards  steadily,  running  at  each  end  on  a  smooth  strip 
of  iron  laid  along  each  side  of  the  casting  table,  by  which  the 
thickness  of  the  plate  of  glass  was  determined ;  the  surface  of  the 
glass  appeared  level  before  the  plate  was  put  into  the  annealing 
oven.  The  undulations  after  annealing  were  not  in  parallel  ftirrows 
across  the  plates,  but  were  in  the  form  of  hills  and  hollows, 
altogether  irregular  in  size  and  position.  It  therefore  appeared 
that  the  glass  in  annealing  must  contract  irregularly,  causing  this 
unevenness  of  the  surface,  particularly  on  the  side  which  had  lain 
uppermost  in  the  annealing  oven,  in  consequence  of  which  so  large  a 
proportion  of  the  glass  had  to  be  ground  away  as  waste  in  order  to 
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obtain  a  level  surface.  In  the  old  anneaJing  ovens  the  plates  had 
to  be  left  a  long^  time  till  the  oven  had  cooled  down  of  itself;  but 
the  ovens  were  now  built  with  air  channels  under  the  bed,  through 
which  a  current  of  cold  air  passed,  so  that  the  heat  was  reduced 
as  quickly  as  was  practicable  without  injury  to  the  glass,  whereby  a 
great  saving  of  time  was  effected.  No  method  however  had  yet 
been  devised  for  laying  the  plates  one  on  another  in  the  annealing 
oven,  and  consequently  a  large  area  of  sur^e  was  required  in 
the  ovens  in  order  to  lay  them  all  separately,  some  of  the  ovens 
being  as  much  as  50  feet  long  for  the  purpose  of  annealing  six 
large  plates  of  glass  at  a  time :  the  ovens  were  well  designed 
for  uniformity  of  heat  in  all  parts,  notwithstanding  their  great 
size. 

Mr.  R.  PiLKmoTON  thought  the  reason  of  the  uneven  sur&ce 
produced  on  some  of  the  glass  plates  in  annealing  was  that  the  oven 
was  made  too  hot  for  the  first  plates  that  were  put  into  it,  in  order 
that  it  might  be  hot  enough  for  the  last  ones  ;  and  consequently  the 
earlier  plates  had  not  become  sufficiently  set  with  a  uniform  degree 
of  hardness  before  going  into  the  oven.  The  glass  certainly  went 
into  the  oven  quite  smooth,  and  the  unevenness  must  therefore  arise 
in  the  azmealing.  At  the  St.  Helen's  Plate  Glass  Works  they  made 
what  was  known  as  Hartley's  plate,  fluted  plates  of  glass  f  iach 
ihicky  and  these  were  annealed  by  being  piled  on  the  edge  in 
a  vertical  annealing  oven,  as  they  were  strong  enough  to  stand  on 
the  edge  in  consequence  of  their  corrugated  form.  A  plan  had  also 
been,  tried  of  laying  the  flat  plates  one  upon  another  in  the  annealing 
oven,  by  means  of  a  lowering  table  in  the  oven ;  but  the  objection 
to  this  plan  was  that  if  the  plates  were  at  all  too  hot  they  stuck 
together  and  could  not  be  separated  again  without  breaking. 

Mr.  J.  Fernib  enquired  whether  in  rolling  out  the  glass  on  the 
casting  table  the  roller  was  passed  over  the  glass  at  a  uniform  speed 
without  any  jerking  action :  he  thought  if  the  roller  was  stopped  or 
moved  slower  at  any  places  that  would  account  for  the  uneven 
tnrfi&ce,  because  the  continued  heat  of  the  annealing  oven  would 
allow  time  for  the  glass  to  expand  again  at  those  places,  when 
it  might  assume  the  irregular  sur&ce  that  was  noticed. 
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Mr.  F.  J.  Bram WELL  replied  tii&t>  altlunigli  the  roller  was  mored 
over  the  glass  by  hand  there  was  do  jerkxng  aetion  or  irregolnitj 
in  the  luotion ;  and  therefore  he  did  not  think  the  nneren  snr&oe 
ooold  be  aooonnted  for  in  that  way,  but  nmst  be  due  entbelj  to  the 
aneqnal  effect  of  the  heat  upon  different  portioBB  of  the  plates  in  the 
annealing  oren.  *  It  was  true  that  just  before  the  plate  was  slid  off 
the  casting  table  into  the  OTen,  the  glow  of  the  newly  rolled  hot 
glass  had  the  appearance  of  being  in  parallri  stiipes  across  ih& 
plate,  although  at  that  time  the  snr&ce  was  really  level ;  bet  after 
the  annealing,  the  nnevenness  of  snsfoto  did  not  show  ite^  in 
paralld  fiirrows,  but  in  irregular  hoUowa  orer  all  parts  of  the  plste^ 
as  had  been  already  mentioned. 

Mr.  W.  Danson  enquired  where  the  foreign  sand  was  obtained 
that  was  used  ibr  making  plate  glass,  and  whether  sand  from  Sydney 
in  New  South  Wales  was  ever  nsed ;  this  had  been  imported  about 
thirty  years  ago  for  the  purpose,  but  was  not  found  to  answer  at 
that  time. 

Mr.  WiNBUs  was  not  aware  whether  the  sand  from  Sydney  had 
been  used  for  glass  making :  the  foreign  sand  used  for  the  purpose, 
of  which  a  specimen  was  now  exhibited,  was  from  Eontainebleaa 
near  Paris. 

Mr.  B.  PiLKiNOTOM  observed  that  the  great  cost  of  importing 
foreign  sand  for  making  plate  glass  was  a  heavy  expense  in  the 
manufacture*  The  French  sand  cost  about  21«.  per  ton,  as  compared 
with  only  Ss.  per  ton  for  English  sand  including  eleansing  by 
washing ;  but  the  latter  when  washed  clean  of  impurities  was  good 
enough  for  the  mannfaotnre  of  sheet  glass. 

Mr.  D.  Adamson  suggested  that  it  would  be  desirable  to  ascertaht 
the  nature  of  the  geological  strata  in  which  the  fine  Fontainebleaa 
sand  was  found :  for  in  England  there  were  so  many  varietiee  of 
sand  along  the  coasts,  and  so  great  a  range  of  geological  formation 
was  developed  throughout  the  countiy,  that  no  doubt  if  the  peculiar 
qualities  of  the  French  sand  were  Mly  investigated  some  of  the 
English  river  or  coast  sands  might  be  found  to  be  equally  suitable 
for  plate  glass  manufacture. 
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Mr.  J.  SiLTBSTBB  enqnirad  whetiheF  Ishe  use  of  iron  plates  kdd  upoii 
tke  upper  sor&oe  of  the  gismn  had  been  tned  for  flattening  the  giaae 
in  the  aasoiealijig  ovai :  these  Trere  XLaed.  sacceesftilly  for  flattening 
flibeei  steel,  whiidx  was  rendered  necessary  by  the  tendency  of  the 
eheei  to  buckle  in  hardflmiTig,  but  if  made  perfectly  flat  daring 
ihe  prooeea  of  tempering  it  remained  so  afterwards;  and  he  thought 
4be  same  plan  might  answer  for  flattening  ;^tes  of  glass. 

lir.  F.  J.  Bbaxwbm*  thonght  there  woold  be  a  good  deal  of 
diffienlty  in  employing  iron  plates  as  covers  for  keeping  the  plates  of 
glass  flat  in  the  annealing  oyen,  on  aeooimt  of  the  laige  size  of  plates 
that  would  be  required,  180  inches  long  by  80  to  100  inches  wide. 
The  expeoBe  too  wonld  be  la^e,  since  as  many  iron  covers  wonld  be 
reqnired  as  there  were  plates  of  glass,  say  half  a  doeen  in  each  oven. 
Mcreover  the  iron  wonld  have  to  stand  heating  np  to  a  low  cherry 
red  heat  every  time  of  charging  the  annealing  oven. 

Mr.  B.  Pelkingtok  did  not  think  iron  plates  had  been  used 
either  to  maintain  an  even  sorface  of  the  large  sheets  of  cast  plate 
giaee  or  to  form  the  bed  upon  which  the  glass  was  to  be  annealed. 
With  regard  to  the  sand  nsed  for  Tnaking  the  glass,  the  main 
ififferenee  between  the  foreign  and  English  sand  was  that  the  former 
was  entirely  free  firom  iron,  while  the  English  sand  was  always 
fi>and  to  be  impregnated  with  it;  and  no  cleaning  process  was 
BQOoessfbl  in  getting  rid  €£  the  iron.  The  foreign  sand  from 
Foniaineblean  was  fonnd  on  clay.  In  washing  the  sand  for  nse  the 
apparatns  employed  was  similar  to  that  which  had  been  described 
ae  used  for  washing  the  sand  lor  the  filter  beds  of  the 
liverpool  Water  Works:  bnt  for  the  water  works  the  finest 
sand  waa  wa^ed  away,  and  only  the  coarser  quality  was  retained 
for  nse  in  the  filter  beds ;  whereas  for  glass  making  it  was  the  finest 
sand  that  was  wanted,  and  the  coarser  portion  was  rejected. 

Mr.  F.  J.  Bbahwbll  remarked  that  in  grinding  the  emery  that 
was  nsed  for  smoothing  and  polishing  the  plates  of  glass  it  had 
fimnerly  been  customary  to  grind  it  dry  under  edge  ruimers ;  bnt 
recently  a  valuable  improvement  had  been  made  by  grinding  it  in  a 
sbfeam  of  water,  the  whole  apparatus  being  otherwise  the  same. 
The  saving  of  time  thus  effected  was  so  considerable  that  two  days 
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a  week  were  now  snfficient  to  grind  all  the  emery  formerly  'gToand 
in  a  week ;  while  at  the  same  time  there  was  no  waste  of  the  emery 
from  the  fine  dry  powder  flying  about  in  the  air,  and  the  absence  of 
this  dnst  in  the  works  caused  a  great  improvement  in  the  workmen's 
health.  The  reason  of  the  saving  of  time  in  grinding  the  emexy 
with  a  stream  of  water  was  the  same  as  in  the  case  of  grinding  com 
with  an  air  blast  between  the  stones :  directly  any  portion  of  the 
com  was  ground  so  fine  that  it  ought  to  leave  the  stones,  the  blast 
carried  it  away,  so  that  the  stones  were  always  operating  upon 
nothing  but  what  they  ought  to  grind;  and  in  the  same  way 
the  stream  of  water  removed  the  fine  emery  powder  as  soon  as 
ground,  and  left  only  the  coarser  particles  under  the  stones,  thus 
producing  a  most  satis&ctory  result  in  economy  of  time. 

The  subsequent  process  of  sorting  or  separating  the  several 
qualities  of  the  ground  emery  according  to  the  degree  of  fineness  of 
the  powder  was  also  of  great  practical  importance  in  plate  glass 
manufacture.  The  method  adopted  was  the  same  as  that  used  for 
sorting  or  washing  the  ore  at  lead  mines:  the  different  sizes  of 
particles  were  separated  by  the  action  of  gravity,  by  means  of  a 
series  of  streams  of  water  of  diminishing  velocity,  through  which 
the  particles  of  emery  sank  according  to  their  size.  This  was 
one  of  the  most  simple  and  beautiM  contrivances  that  he  was 
acquainted  with,  and  proved  completely  successful  in  preventing 
any  of  the  coarser  particles  from  getting  mixed  with  the  finer 
sorts  of  emery  powder. 

Mr.  W.  E.  Newton  remarked  that  for  separating  substances 
having  different  sizes  of  particles  there  were  two  methods  that 
might  be  employed,  the  wet  and  the  dry.  The  former  had  already 
been  described  in  the  case  of  separating  the  particles  of  emery 
by  streams  of  water  running  at  different  velocities ;  in  the  dry 
method  the  separation  was  effected  by  a  blast  of  air.  The  latter 
plan  was  devised  and  employed  by  Mr.  Bentall  of  Weybridge  for 
separating  into  different  degrees  of  fineness  the  coal  dust  which 
he  used  in  his  foundry  for  making  castings,  whereby  he  obtained 
castings  much  superior  to  those  generally  produced  for  agricultural 
purposes.     The  coal  was  crushed  by  edge  runners  to  a  great  degree 
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of  fineaess,  and  on  air  blast  £rom  a  fim  blew  the  dust  into  a  long 
coTered  box  or  cluunber  about  30  feet  long,  the  bottom  of  which  was 
divided  into  fonr  lengths  or  compartments:  the  finest  dost  was 
carried  to  the  extreme  end  of  the  chamber  and  deposited  in  the 
fbrthest  compartment,  while  the  coarser  and  heavier  particles  fell 
into  the  nearer  compartments,  according  to  their  respective  sizes, 
the  coarsest  &lliug  nearest  to  the  grinding  apparatus.  The  process 
was  found  most  satisfiM^tory  in  producing  a  distinct  and  accurate 
separation  of  the  different  sorts  of  coal  dust ;  and  he  had  himself 
examined  with  a  microscope  the  particles  of  dust  deposited,  and 
found  them  very  uniform  in  size  at  any  one  part  of  the  long 
chamber.  In  this  process  also  the  ground  coal  dust  was  removed 
immediately  from  the  grinding  apparatus  by  the  air  blast,  instead  of 
remaining  there  to  clog  the  grinding.  The  same  method  would  he 
thought  be  appUcable  for  separating  emery  into  its  different  degrees 
of  fineness  for  polishing  glass,  if  it  were  preferred  to  separate  it  dry 
instead  of  employing  water  for  the  purpose. 

The  Chairman  thought  it  was  matter  of  regret  that  no  means 
had  yet  been  arrived  at  for  making  the  best  plate  glass  from  home 
sand,  instead  of  foreign  sand;  and  he  suggested  that  some 
mechanical  mode  of  bleaching  the  sand  might  be  discovered,  to 
render  the  English  sand  as  good  for  the  purpose  as  the  foreign  sand: 
the  application  of  heat  might  perhaps  be  tried,  as  that  was  known 
to  produce  a  great  difference  in  the  colour  of  many  materials,  such 
as  clays  and  other  earths. 

With  regard  to  the  origin  of  the  waviness  on  the  surface  of  the 
glass  plates  after  leaving  the  annealing  oven,  it  had  been  stated  that 
this  unevenness  did  not  exist  when  the  roller  left  the  surfiu^e  of  the 
glass  on  the  casting*  table,  but  that  it  became  developed  during  the 
gradual  cooling  of  the  plate  in  the  annealing  oven ;  and  it  occurred 
to  him  that  possibly  the  glass  at  the  time  of  casting  might  be  in  a 
viscid  or  plastic  state,  like  guttarpercha,  instead  of  being  completely 
and  uniformly  liquified  throughout  the  entire  mass,  the  result  of  which 
would  be  that  it  would  yield  under  the  roller,  but  the  rolled  plate 
would  be  irregular  in  density  and  would  thus  become  uneven  during 
a»i«iMiKTig  by  swelling  up  again  at  various  parts.      If  however  the 
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unevanneas  oould  be  prevaated  bj  packing  tbe  plates  of  glass 
between  iron  plaiieB  in  tbe  aimeftling  oven,  as  had  been  snggested^ 
be  tbonght  the  saving  effected  bj  the  smoother  stir&oe  in  the 
subsequent  grinding  process  might  make  np  for  the  additional 
expense  of  the  iron  plates  in  the  first  instance ;  and  the  munber  of 
iron  plates  required  would  be  only  one  more  than  the  number 
of  glass  plates  to  be  laid  between  them,  if  thej  were  laid  in  a 
«ontinuoiis  pile. 

The  particulars  given  in  the  paper  regarding  the  increase  in  the 
manu&ctore  of  plate  glass  during  the  last  few  years  afforded  another 
and  a  very  clear  illnstration  of  the  effect  of  cheap^iing  any  article 
in  causing  a  great  extension  of  its  use.  He  moved  a  vote  c^  thanlcB 
to  Mr.  Daglish  ibr  his  paper,  and  also  to  Mr.  Windus,  which  was 
passed. 


The  following  paper  Was  then  read:- 
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DESCRIPTION  OF  THE 
NEW    IRON   WORKS    AT    GROSMONT. 


Bt  Mb.  HIBAM  C.  COULTHABD,  of  Blackbusn. 


In  the  Cleveland  iron  district,  where  the  Qrosmont  Iron  Works 
forming  the  snbject  of  this  paper  are  situated,  there  are  at  present 
63  blast  ftirnaces  in  Ml  operation,  17  ftirnaces  not  in  operation, 
standing  for  repairs  or  other  canses,  and  11  fiimaces  in  various 
stages  of  progress.  The  Qrosmont  fiimaces  have  been  erected  by 
Messrs.  Bagnall,  and  the  general  working  arrangements  for  them 
were  made  by  the  manager,  Mr.  Barnes,  and  the  writer  of  the 
present  paper;  and  upon  the  latter  devolved  the  arrangement  of 
engines  and  boilers,  &o, 

Ghroemont  near  the  coast  of  Yorkshife  is  situated  about  7  miles 
from  the  port  of  Whitby,  20  miles  from  the  Durham  coalfield,  and 
about  the  same  distance  from  the  lime  district  of  Pickering,  whence 
the  supply  of  lime  is  derived.  Fig.  1,  Plate  61,  is  a  general  plan  of 
the  entire  works,  which  are  adjacent  to  the  main  line  of  railway 
from  Whitby  to  Castleton,  joining  the  North  Yorkshire  and 
Cleveland  Railway,  and  thus  in  connexion  with  the  Newcastle  and 
Durham  coal  and  coke  districts.  A  siding  from  the  main  line  runs 
into  the  works. 

These  blast  ^imaces  are  believed  to  be  constructed  on  a  very 
efficient  and  economical  plan  for  the  purposes  intended.  Each 
furnace  is  capable  of  producing  250  tons  of  pig  iron  per  week, 
allowing  for  stoppages  on  Sunday.  Fig.  2,  Plate  62,  is  a  vertical 
section  of  one  ftimace,  and  Fig.  3,  Plate  63,  shows  an  enlarged 
vertical  section  of  the  top  and  bottom  of  the  furnace.  Figs.  4  to  8, 
Plate  64,  are  transverse  sections  of  the  fiimace  at  the  tuyeres, 
tapping  hole,  and  hearth,  and  through  the  body  of  the  furnace. 

o2 
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Each  fiiniace  meastires  18  feet  diameter  at  the  boshes,  and  a 
total  height  of  63  feet  from  gronnd  line  to  level  of  charging  floor. 
The  foundations  were  dng  ont  to  a  depth  of  about  9  feet,  to  rock  on 
one  side  and  hard  bine  claj  on  the  other,  the  gronnd  sloping  in  the 
direction  of  the  dip  of  the  rock.  The  stone  foundations  both  for  the 
hearth  and  casing  of  the  Aimace  are  shown  in  the  vertical  sections. 
Figs.  2  and  3,  Plates  62  and  63,  and  consist  of  ring  courses  of 
masonry  built  on  concrete,  about  26  feet  diameter,  each  course  being 
bound  by  a  wrought  iron  ring,  5  inches  wide  and  2  i^ch  thick, 
Eig.  3.  In  the  interior  of  the  uppermost  ring  course  is  built  the 
firebrick  hearth  A^  Fig.  3 ;  the  blocks  of  which  this  is  formed  are 
shown  in  plan  and  vertical  section  in  Figs.  6  and  7,  Plate  64.  These 
blocks  are  set  in  ground  fireclay  in  a  moist  state,  special  care  being 
taken  to  secure  a  perfectly  homogeneous  mass,  as  the  whole  of  the 
superstructure  of  the  Aimace  and  its  contents  when  in  working 
order,  weighing  about  1200  tons,  rest  upon  this  foundation.  On 
the  top  course  of  masonry  the  foundation  plates  of  oast  iron, 
8  feet  6  inches  square  and  4  inches  thick,  are  bedded  in  fireclay,  to 
which  are  bolted  the  cast  iron  columns  BB,  Fig.  3,  17  inches 
diameter,  for  carrying  the  superstructure.  These  columns  aie 
united  at  the  top  by  a  cast  iron  ring  or  cornice  G  in  segments, 
8^  inches  thick,  each  segment  having  a  semicircular  snug  cast  on 
its  under  side,  which  when  the  work  is  joined  together  fits  into  the 
top  of  the  column  B^  thus  binding  the  whole  of  the  segments  into 
one  ring. 

The  entire  lining  of  the  fiimace  inside  is  of  refractory  firebrick  D, 
Fig.  3,  Plate  63;  the  frimace  is  cylindrical  on  the  outside  and 
entirely  cased  with  wrought  iron  plates  E,  g  inch  thick  at  the 
bottom  of  the  famaoe,  and  towards  the  top  of  the  i^iniace 
diminished  in  thickness  to  ^  inch.  This  casing  weighs  about 
80  tons  and  costs  about  £400,  and  is  now  being  generally  used  in 
place  of  the  massive  stack  of  masonry  formerly  used.  There  are 
ten  oast  iron  pillars  B  for  carrying  the  super-structure,  placed  at 
a  distance  of  7  feet  apart,  except  where  the  tapping  hole  is  situated, 
where  the  distance  is  increased  to  10  fiset,  as  seen  in  Fig.  4, 
Plate  64.     Brackets  are  cast  on  these  pillars,   Fig.  8,  for  the 
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purpose  of  canying  the  circnlar  pipes  that  oonyej  the  blast  and 
water  round  the  fiimaces  for  distribution  to  the  yarions  tuyeres. 
There  are  fire  tuyeres  to  each  ftimaoe,  one  of  which  is  shown  in 
longitudinal  section  in  Fig.  9,  Plate  64. 

At  the  top  of  the  Aimace  a  wrought  iron  plate  cornice  F  is 
fixed.  Fig.  8,  Plate  68,  forming  the  charging  floor ;  and  the  two 
furnaces  are  connected  by  means  of  two  longitudinal  wrought  iron 
girders  4  feet  and  8  feet  deep  respectively,  the  larger  one  prepared 
to  reoeiye  the  wrought  iron  beams  that  form  the  roadway  of  the 
incline  up  which  the  materials  for  smelting  are  drawn  by  means  of 
a  pair  of  fixed  horizontal  engines.  These  girders  are  united 
by  nine  intermediate  cross  girders  of  wrought  iron,  and  when 
eovered  with  plates  form  the  roadway  of  the  charging  floor,  having 
a  screen  8  feet  6  inches  high  running  round  for  protection. 

The  throat  of  the  ftimace,  Fig.  8,  Plate  68,  is  adapted  &r  taking 
<M  the  waste  gas,  which  is  collected  in  a  wrought  iron  tube  0-, 
h  feet  diameter,  which  extends  down  the  throat  of  the  furnace 
about  5  feet  and  is  liped  inside  and  cased  outside  with  refractory 
firebrick  6  inches  in  thickness.  This  tube  is  fixed  to  and  supported 
by  a  crown  or  dome  built  in  the  throat  of  the  fiimace,  of  specially 
moulded  lumps  of  fireclay,  supported  by  six  buttresses  built  of  the 
same  material.  The  crown  has  six  openings  formed  at  the  sides 
for  charging  purposes,  and  one  opening  in  the  centre,  through 
which  the  gas  passes  into  the  tube  G.  There  is  the  usual  brick 
chjnmey  at  the  top  of  the  furnace,  with  wrought  iron  swing 
doors  corresponding  with  the  openings  in  the  crown.  The  gas  is 
conveyed  from  the  furnace  top  to  the  boilers,  hot-blast  stoves,  &c., 
by  a  wrought  iron  tube  6  feet  6  inches  diameter,  large  enough  to 
take  off  the  gas  from  two  additional  furnaces ;  and  square  boxes  H, 
Fig.  1,  Plate  61,  are  fixed  at  intervals  along  the  tube  to  allow  for 
expansion.  A  flap  valve  I,  Fig.  8,  Plate  63,  opening  outwards  for 
deaning  purposes  is  fixed  at  the  end  of  the  tube  over  the  friroace. 

Figs.  10  and  11,  Plate  65,  show  a  vertical  section  and  sectional 
plan  of  one  of  the  hot-blast  stoves.  Three  of  these  are  built  to 
saoh  fttmace,  of  common  briok  made  on  the  estate,  lined  with 
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refiractory  firebrick,  and  extemall j  bound  firmly  together  by  wrought 
iron  hoops  4  inches  wide  and  §  inch  thick,  placed  at  intervals  of 
3  feet.  The  stoves  are  heated  by  the  gas  being  admitted  at  the 
top  J,  and  a  small  fire  is  kept  on  the  grate  at  the  bottom  for  the 
purpose  of  ensuring  that  the  gas  is  always  ignited.  Four  flues  K  K^ 
Fig.  11,  pass  away  firom  the  bottom  of  the  stove  to  the  main 
chimney  flue  L,  Fig.  10,  which  is  in  connexion  with  the  chimney 
stack.  Fig.  1,  of  180  feet  height.  A  simple  disc  valve  J  is  fixed  at 
the  top  of  the  stove  where  the  gas  enters,  to  cut  oflF  the  supply  of 
gas  firom  the  stove  at  any  time.  The  pipes  M,  through  which  the 
blast  passes,  consist  of  ten  pairs  to  each  stove,  12  inches  diameter, 
each  pair  being  arched  at  the  top  and  united  at  the  bottom  by 
connecting  foot-boxes,  thus  forming  one  continuous  course  of  pipes 
for  the  blast  to  pass  along.  The  blast  enters  on  one  side  of  the  oven, 
and  after  circulating  through  the  pipes  M  passes  out  at  the  other 
side  into  the  main  pipe  N  for  the  service  of  the  tuyeres,  as  shown 
by  the  arrows.  A  stop  valve  O  serves  to  cut  oflF  the  communication 
of  each  stove  with  the  blast  main,  which  is  5  feet  6  inches 
diameter  and  thus  forms  also  the  blast  reservoir.  The  temperature 
of  the  blast  is  firom  600®  to  700°  Fahr.,  and  the  quantity  blown  by 
each  engine  is  6000  cubic  feet  per  minute  at  a  pressure  of  3  lbs.  per 
square  inch.  These  hot-blast  stoves  have  been  found  most  effective; 
from,  the  enlarged  capacity  of  the  pipes,  the  blast  is  much  longer  in 
passing  through  them,  and  consequently  they  are  not  required  to 
be  kept  at  such  a  destructive  heat.  The  writer  understands  that 
these  stoves  are  extensively  used  in  Staffordshire  and  with  the  best 
results. 

The  blast  is  supplied  by  three  direct-acting  high  pressure 
engines,  quick  moving,  having  air  cylinders  57i  inches  diameter 
with  a  stroke  of  3  feet.  Fig.  12,  Plate  66,  is  a  transverse  section 
of  the  boiler  and  engine  house.  Two  engines  P  are  sufficient  for 
the  work  of  two  ftimaces,  a  third  one  being  provided  in  case  of 
emergency.  The  reason  for  separate  engines  being  used  is  that  in 
the  case  of  an  accident  to  the  blowing  engine,  when  only  one  engine 
is  used,  the  whole  of  the  ftimaces  are  thrown  idle ;  moreover  the 
cost  of  machinery  for  two  ftimaces  is  much  less  in  these  engines, 
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taking  into  consideration  the  ezpensiye  nature  of  the  stonework 
4c.  required  for  the  foundation  of  one  large  beam  engine.  The  only 
foimdation  required  for  these  engines  is  abont  3  feet  depth  of 
brickwork,  with  a  firamework  of  timber  on  which  to  bolt  the 
foimdation  plates. 

The  ffligine  honse  is  of  red  brick  with  mouldings  of  white 
brick,  and  presents  a  good  appearance ;  the  roof  is  formed  by  the 
water  tank  R,  Fig.  12,  Plate  66,  which  contains  the  water  snpply 
for  the  tuyeres,  pig  beds,  &o.  In  the  engine  house  is  fixed  a 
trayelling  crane  S  for  the  convenience  of  examining  any  portion  of 
the  engines ;  this  is  found  a  most  useM  appendage.  The  water 
supply  is  derived  from  the  river  Esk  by  two  lifb  pumps  having 
trunk  cylinders  7^  inches  diameter.  The  boilers  T,  Fig.  12, 
Plate  66y  are  five  in  nxmiber,  each  78  feet  long  by  5  feet  diameter, 
of  the  plain  egg-ended  form,  heated  by  the  waste  gas  from  the  blast 
faroaces.  They  are  suspended  by  means  of  cast  iron  bridges  from 
the  top  of  tlie  boiler  seats,  and  are  fed  by -three  donkey  engines,  ail 
couiected  to  one  pipe  over  the  boilers.  The  steam  pressure  is 
60  lbs.  per  square  inch  above  the  atmosphere. 

A  steam  lift  is  fixed  in  the  works  in  the  position  shown  in  Fig.  1, 
Plate  61,  for  the  purpose  of  raising  the  minerals  from  the  Une  of 
railway  to  the  top  of  the  calcining  kilns. 


Mr.  Sampson  Llotd  thought  the  new  ironworks  described  in  the 
paper  were  a  good  illustration  of  the  modem  improvements  that 
were  now  being  generally  adopted  in  ironworks.  The  blast  fdmaces 
appeared  to  be  built  according  to  the  construction  now  generally  in 
use ;  bat  for  taking  off  the  gas  from  the  open  top  of  the  frimace  a 
variety  of  plans  had  been  adopted,  and  the  main  peculiarity  of  the 
arrangement  shown  in  the  drawings  appeared  to  be  the  use  of  a 
wrought  iron  tube  for  the  purpose,  inserted  into  the  top  of  the 
fiimace  and  bned  inside  and  outside  with  firebrick.     That  plan  had 
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now  been  in  nae  for  some  time  at  Messrs.  Schneider's  fnmaces  near 
IJlyerstone,  where  the  fmrnaoes  were  not  stopped  on  the  Sunday,  bat 
worked  continnouslj  from  the  beginning  to  the  end  of  the  week. 
But  where  the  fiimaoes  stopped  on  the  Sunday,  as  was  the  case 
at  the  new  works  now  described,  the  alternate  contraction  and 
expansion  of  the  firebrick  was  a  serions  difficulty  to  contend  with, 
causing  the  firebrick  to  crack  and  become  detached,  and  necessitating 
frequent  renewals  of  portions  of  the  lining.  Moreorer  the  usual 
plan  had  been  to  make  the  extremity  of  the  tube,  where  it  dipped 
into  the  materials  in  the  top  of  the  furnace,  of  cast  iron,  that  it 
might  have  greater  durability  under  the  action  of  the  flames  arising 
from  the  gas  burning  out  of  the  top  of  the  furnace  around  the 
tube;  and  the  cast  iron  tubes  were  generally  found  to  last  from 
12  to  18  months  before  requiring  renewal. 

The  circular  hot-blast  stoves  shown  in  the  drawings  were  a 
construction  that  had  been  in  use  for  a  considerable  number  of 
years  without  being  open  to  any  great  objection ;  but  they  were  not 
the  kind  that  was  generally  preferred  in  South  Staffordshii^,  nor 
had  they  been  found  the  best  at  some  of  the  new  ironworks  lately 
erected  at  different  places  in  the  North  of  England.  The  long  oven 
had  been  found  in  practice  better  than  the  circular  oven,  in  respect 
both  of  economy  of  fae\  and  temperature  of  blast  obtained ;  and  in 
the  present  instance  the  temperature  of  the  hot  blast,  600°  to  700° 
Fahr.,  was  not  so  high  as  was  now  generally  used  for  hot-blast 
frirnaces :  the  heat  however  was  regulated  in  different  districts 
according  to  the  particular  requirements  of  the  iron. 

With  regard  to  the  most  suitable  description  of  blast  engine  to 
be  employed,  there  was  a  great  variety  of  opinion.  Where  engines 
bad  to  run  day  and  night  from  year's  end  to  year's  end,  keeping  up 
a  uniform  pressure  of  blast,  his  own  experience  was  that  a  large 
engine  working  with  a  slow  motion  was  the  most  economical  in  the 
long  run.  The  small  quick  running  engines  described  in  the  paper 
were  certainly  the  cheB/peet  in  the  first  instance,  but  he  doubted 
whether  they  would  be  found  so  in  working  over  a  series  of  years. 

Mr.  T.  W.  Plum  remarked  that  the  gas  tube  inserted  in  the 
mouth  of  the  blast  ftumaoe  appeared  to  be  carried  by  an  arok  er 
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falae  top  built  in  the  moath  of  the  furnace,  with  QpemngB  round 
the  tube  for  charging  the  ftimace;  and  he  enquired  whether 
that  plan  was  not  liable  to  difficulties  from  the  chai^fing  holes 
getting  stopped  up  occasionallj  hy  accident.  He  feared  also  some 
inoanvenience  would  be  caused  in  winter  from  the  water  getting 
frosen  in  the  large  open  water  tank  forming  the  roof  of  the  engine 
bouse,  unless  some  proriaion  were  made  for  presenting  such  an 
oocurrenoe. 

Mr.  F.  J.  Bbamwsll  said  he  had  seen  the  same  arrangement 
of  the  gas  tube  in  the  top  of  the  blast  furnace  at  Messrs.  Schneider's 
fnmaoes  working  the  haamatite  iron;  the  tube  was  coated  with 
firebrick  inside  and  outside,  in  the  manner  shown  in  the  drawings, 
and  carried  on  six  flying  buttresses  built  in  the  throat  of  the  fomace, 
so  that  the  mouth  of  the  frumace  was  in  no  way  closed  up  except  by 
the  gas  tube.  He  understood  from  the  manager  of  the  works  that  not 
the  slightest  trouble  had  been  experienced  with  that  arrangement, 
and  that  nothing  could  be  more  successful  than  that  mode  of  taking 
off  the  waste  gas. 

Mr.  E.  Betnolds  enquired  whether  the  blast  furnaces  in  the 
Clereiaiid  district  were  worked  with  coal  or  with  coke. 

Mr.  D.  Adamson  said  that  throughout  the  Cleveland  distriet 
the  blast  furnaces  were  all  worked  with  coke,  and  no  coal  at  all  was 
vsed  in  them;  the  same  was  the  case  in  the  Wear  district  and 
the  North  of  England  generally.  One  common  feature  of  the 
ironworks  in  the  North  was  the  use  of  quick  short-stroke  blast 
engines,  in  place  of  the  large  long-stroke  engines  generally  employed 
for  blowing  the  Welsh  Aimaces,  which  were  considered  more 
adYantageous  in  that  district;  but  in  his  own  opinion  a  vertical 
direct-acting  high  pressure  engine  with  moderately  long  stroke  was 
much  more  economical  in  working  for  supplying  the  blast  tiban  a 
heavy  beam  engine. 

In  reference  to  the  method  now  described  of  taking  off  the  waste 
gas  frt»n  the  top  of  the  blast  furnace,  leaving  the  space  roimd  the 
gas  tube  open  for  the  escape  of  the  superfluous  gas,  he  questioned 
whether  that  plan  went  £ar  enough  in  the  matter :  for  if  the  gas 
eonld  be  employed  with  advantage  fibr  so  many  purposes,  for  heating 
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the  steam  boilers  and  hot-blast  stoves  and  ealcimng  the  ironstone, 
he  thought  none  of  it  ought  to  be  left  to  escape  from  the  month  of 
the  ftumace,  but  the  whole  should  be  collected  and  saved.  The  gas 
might  for  instance  be  more  generally  employed  than  at  present  for 
calcining  the  ironstone,  for  which  he  thought  it  was  partieularly 
suitable,  giving  the  means  of  calcining  all  the  material  uniformlj. 
The  great  aim  in  blast  ^imaces  was  to  get  uniformity  of  heat  in  all 
parts  at  the  same  level,  and  an  important  step  would  be  effected  in 
that  direction*  if  the  ironstone  were  uniformly  calcined  beforehand 
by  the  application  of  the  waste  gas,  and  then  conveyed  direct  to  the 
blast  famsuoe  without  having  to  lie  exposed  to  rain  and  weather, 
which  he  behoved  would  obviate  some  of  the  difficulties  that  had  at 
present  to  be  contended  with  in  the  blast  Aimace. 

The  blast  furnaces  described  in  the  paper  must  he  thought  be 
working  well  to  produce  the  make  that  had  been  stated  of  250  tons 
of  iron  per  week  from  each  frimace.  That  was  a  very  large 
production  for  the  Cleveland  district,  because  to  produce  one  ton  of 
iron  from  the  Cleveland  ore  required  3J  tons  and  upwards  of  ore, 
15  or  16  cwts.  of  limestone,  and  27  or  28  cwts.  of  coke ;  mnking 
nearly  5f  tons  of  material  per  ton  of  iron,  so  that  an  enormous 
quantity  of  material  had  to  pass  through  the  blast  furnace  in  order 
to  produce  250  tons  of  iron  per  week.  In  the  luematite  district 
on  the  other  hand  the  quantity  of  ironstone  did  not  exceed  If  tons 
per  ton  of  iron  made,  and  the  quantity  of  limestone  was  only  4  to 
5  cwts.,  while  the  coke  required  was  from  17  to  25  cwts.;  making 
only  about  3  tons  of  material  per  ton  of  iron. 

The  working  conditions  of  the  blast  engines  must  always  depend 
in  a  great  measure  on  the  pressure  of  blast  that  was  employed, 
which  had  been  stated  in  the  paper  to  be  3  lbs.  per  square  inch 
at  the  Grosmont  frimaces:  but  at  another  of  the  ironworks  in 
the  Cleveland  district,  Messrs.  Warners  and  Co.'s,  Norton  Furnaces, 
near  Stockton-on-Tees,  he  found  that  the  pressure  had  been  reduced 
from  2f  lbs.  down  to  only  |  lb.  per  square  inch,  and  that  the  make 
of  iron  from  the  frimace  was  rather  increased,  while  the  work  done 
by  the  blast  engine  was  very  much  less.  This  was  such  a  change 
upon  the  current  practice  in  blast  Aimaces  as  to  be  worthy  of 
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eaieftil  consideratioii.  The  size  of  the  tuyeres  had  at  th^  same  tiine' 
been  increased  from  8  inches  to  6  inches  diameter,  admitting  al 
greater  voliune  of  air  to  the  ^irnace,  and  they  would  have  been 
made  still  larger  had  they  not  been  limited  by  the  size  of  the  blast 
main,  wbicli  was  only  9  inches  diameter.  It  was  intended  however 
to  enlai^  tlie  tayeres  ^irther  to  9  inches  diameter,  and  reduce' 
iiie  preBsnre  of  blast  from  ^  lb.  to  ^  lb.  per  square  inch.  At 
diose  works  the  ore  used  was  the  Cleveland  ironstone,  and  also 
the  Bosedale  magnetic  ironstone,  the  only  magnetic 'iron  ore  yet 
diaoovered  in  the  Cleveland  district. 

Mr.  T.  W.  Plum  asked  how  the  quality  of  the  iron  produced 
was  affected  by  the  reduction  of  pressui^  of  the  blast.  It  was 
genersdly  understood  that  a  reduction  in  pressure  of  blast  improved 
the  yidd  of  the  j^imaoe,  that  is  the  quantity  of  iron  obtained  from 
tbe  ironstone,  and  also  the  quality  of  the  iron,  but  reduced  the  total 
make  of  the  frimace  in  quantity. 

Mr.  D.  Adamson  said  that  the  result  of  reducing  the  pressure  of 
hiast  had  been  ^Ewourable  on  the  whole  to  the  brand  of  iron,  as  the 
reduced  pressure  contributed  materially  to  keep  the  frumace  steadily 
on  foundry  quality  of  iron,  without  so  much  liability  to  fluctuation 
of  quality  under  atmospheric  changes  as  in  other  frimaces  with  a 
higher  blast,  where  a  cold  east  wind  or  rain  would  bring  the  quality  ^ 
down  from  No.  1  to  No.  S  immediately.  At  the  works  he  referred 
to  the  engine  power  was  not  yet  fuUy  developed,  and  the  volume  of 
air  at  present  supplied  was  only  about  one  half  more  than  at  the 
ordinary  higher  pressure.  The  blast  engines  were  horizontal,  with 
a  moderately  long  stroke ;  but  he  considered  the  air  cylinders  never 
-worked  so  well  in  a  horizontal  as  in  a  vertical  position,  as  the 
vertical  air  cylinders  had  less  wear,  and  were  less  exposed  to  grit 
a&d  dost  accumulating  on  their  rubbing  surfaces. 

Mr.  F.  J.  Brahwell  remarked  that,  in  reference  to  the  question 
<^  taking  off  only  part  of  the  waste  gas  frx>m  the  blast  fiomace,  it  did 
net  follow  that  because  so  much  advantage  had  been  found  in  taking 
off  part  of  the  g^  therefore  the  whole  of  it  ought  to  be  taken  off: 
fbr  he  believed  the  surplus  gas  left  to  burn  out  round  the  gas 
tube  was  not  to  be  considered  as  wasted,  since  a  certeon  amount' 

h2 
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of  combustion  was  wanted  in  the  month  of  the  fitimaoe  to  prepare 
the  charges  of  ore  as  they  were  thrown  in,  by  heating  them ;  and  if 
there  were  no  combnstion  in  the  ^imaoe  mouth,  that  preliminaiy 
operation  would  be  lost  and  the  quality  of  the  iron  made  would  be 
impaired.  Moreover  the  open  space  left  round  the  gas  tube 
obviated  all  difficulty  in  charging  the  Aimace,  the  materials  bein^ 
filled  in  through  that  space  just  in  the  same  manner  as  in  an 
ordinary  open-topped  ftimace.  At  Messrs.  Schneider's  works  near 
Ulyerstone'  all  the  engine  power  and  hot-blast  stoves  for  the  entire 
works  were  supplied  by  taking  off  only  a  portion  of  the  gas,  and 
therefore  there  was  no  use  in  trying  to  take  off  more,  while  there 
might  on  the  contrary  be  harm  in  doing  so.  At  those  works  also 
exhausting  £uis  were  used  to  aid  in  drawing  off  the  gas  from  the 
blast  furnaces ;  and  at  some  ironworks  in  France  an  arrangement 
of  collecting  troughs  was  added  to  catch  the  dust  that  was  brought 
down  with  the  gas  taken  off. 

With  regard  to  the  make  of  the  present  Aimaoes,  he  was  glad 
attention  had  been  called  to  the  large  proportion  of  ironstone, 
limestone,  and  coke,  that  was  required  for  producing  the  250  tons 
of  iron  per  week;  because  in  estimating  the  duty  of  a  blast 
furnace  it  was  necessary  to  take  into  account  not  merely  the  actual 
production  of  iron  per  week,  but  also  the  nature  of  the  materials 
employed,  and  the  relative  quantities  consequently  required  to 
produce  a  ton  of  pig  iron.  In  the  most  favourable  case  that  he 
knew  o^  where  the  hssmatite  ore  was  smelted,  the  make  had 
amounted  to  as  much  as  600  tons  of  pig  iron  per  week  from  a  single 
frimace,  owing  largely  to  the  small  proportion  of  materials  required 
in  working  that  particular  ore. 

Mr.  J.  Febnie  observed  that  another  reason  for  leaving  the 
mouth  of  the  frimace  open  all  round  the  gas  tube  was  that,  if  the 
top  were  all  closed  in  for  taking  off  the  whole  of  the  gas,  there  was 
more  liability  to  injury  occurring  in  the  event  of  any  explosion 
of  the  gas ;  but  the  open  space  lefb  round  the  gas  tube  in  the 
present  arrangement  acted  as  a  permanent  safety  valve,  through 
which  the  force  of  an  explosion  would  find  ample  vent  without  any 
mischief  being  done. 
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Mr.  Sampson  Llotd  remarked  that  at  ironworks  having  two  or 

ihree  blast  fxirnaces  in  regular  work  the  producstion  of  gas  from  the 

fiocmaceG  -was  more  than  was  wanted  at  present,  nnless  some  means 

could  be  found  ont  for  making  the  gas  available  in  the  pnddling  and 

healing  i^Donaces,  in  which  case  it  might  perhaps  all  be  made  nse  of. 

But  while  the  gas  was  employed  only  for  raising  steam  for  the  blast 

engine  and  heating  the  hot-blast  stoves,  the  gas  given  off  from  one 

or  two  fbmaces  was  quite  sufficient  to  supply  the  heat  for  blowing 

four  or  five  furnaces,  and  therefore  the  gas  horn  the  remainder 

of  the  {umaoes  must  all  be  wasted  at  present,  and  there  would  be  no 

use  in  closing  in  the  tops  of  the  furnaces  in  order  to  take  it  off. 

Moreover  the  applicability  of  the  close  top  depended  much  on  the 

quality  of  the  materials  employed  in  the  frirnace.   Where  a  very 

hard  coke  was  used  and  it  was  not  necessary  to  be  particular  as  to 

the  quality  of  iron  made,  a  close-topped  frimace  might  be  found 

satis&ctory:  but  where  a  soft  coke  was  employed  and  it  was  of 

particular   importance   that   a   good   quaHty   of   iron   should   be 

maintained;  the  open  top  must  be  adhered  to,  in  order  to  avoid 

interfering  with  the  working  of  the  furnace.     For  though  a  blast 

fbmaoe  had  the  appearance  of  being  so  rough  in  working,  it  was  in 

practice  most  sensitive  to  the  slightest  variations  of  oircxmistances  ; 

and  the  result  of  many  years'  experience  with  close-topped  frimaces 

had  been  that  it  was  found  impossible  to  ensure  making  the  best 

iron  continuously  when  the  top  of  the  furnace  was  entirely  closed 

in  for  taking  off  the  gas.     The  method  now  shown  of  taking  off  the 

gas  from  open-topped  frimaces  was  really  so  simple  and  so  effective 

that  there  was  no  further  advantage  to  be  gained  by  closing  in  the 

top  of  the  frimace ;  and  he  thought  the  open-topped  plan  would 

be  found  applicable  to  blast  frmaces  under  all  circumstances  of 

woridng,  without  detriment  to  the  make  of  iron.  With  the  open  top 

ecrplosions  of  gas  were  not  at  all  to  be  feared,  as  regarded  the  frimace 

itself;  and  with  a  proper  provision  of  safety  valves  along  the  gas 

main  there  was  no -risk  whatever,  as  an  explosion  produced  no 

fbither  effect  than  merely  a  "pop"  as  it  was  called  by  the  workmen. 

The  theory  of  working  the  blast  furnaces  with  a  low  pressure  of 

blast  was  by  no  means  a  new  one.     In  one  of  the  earliest  papers 
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read  before  the  Lostitation  the  fim  bhust  had  been  advocated  m  place 
of  the  blowing  cylinder  for  blowing  blast  furnaces.  But  experience 
had  all  tended  in  the  contrary  direction ;  for  with  common  moterMJa 
in  the  fttrnace  it  was  found  that,  with  a  low  blast  pressnre  of  only 
1  to  1^  lbs.  per  square  inch,  not  onty  was  the  yield  of  iron  obtained 
much  less  in  quantity,  but  the  working  of  the  furnace  wsfi  generally 
not  more  economical  than  with  the  ordinary  blast  of  3  to  3^  lbs. 
pressure  per  square  inch.  For  producing  the  blast  his  own 
experience  for  a  nxmiber  of  years  led  him  to  prefer  the  long-stroke 
large  blowing  engine  as  superior  to  a  small  short-stroke  engine 
running  at  a  high  speed. 

Mr.  J.  FfiRNiE  observed  that  the  length  of  the  boilers  described 
in  the  paper,  72  feet,  appeared  to  him  great,  and  much  beyond  what 
was  generally  employed. 

Mr.  D.  Adamson  said  the  tendency  in  the  North  of  Engiand  was 
to  increase  the  length  of  boilers  when  heated  by  the  waste  gas  from 
blast  ^imaces,  and  he  had  recently  made  some  for  that  district  as 
long  as  85  feet  and  5  feet  diameter,  each  being  supported  by 
20  suspension  rods  from  cast  iron  beams  over  the  top  of  the  boiler. 
It  must  be  borne  in  mind  that  in  boilers  heated  by  the  waste  gas 
from  blast  ftimaces  the  products  of  combustion  passed  off  at  a 
comparatively  low  temperature  but  were  large  in  quantity,  and  a 
long  length  of  flue  under  the  boilers  was  therefore  necessary,  with  a 
large  flue  area,  in  order  that  the  heat  might  be  more  effectually 
absorbed.  He  was  not  aware  of  any  serious  objection  to  long 
boilers  in  working,  when  adapted  for  this  purpose ;  nor  were  they 
more  expensive  in  proportion  to  their  heating  sur&ce  than  boil^v 
of  ordinary  length.  The  adoption  of  drilled  instead  of  punched 
holes  for  the  rivets  was  particularly  desirable,  two  plates  being 
drilled  together  as  they  had  to  be  rivetted,  so  as  to  ensure  sound 
and  good  workmanship  with  the  greatest  strength;  and  having 
himself  made  from  120  to  150  boilers  with  drilled  rivet  holes,  for 
working  at  pressures  varying  from  80  to  160  lbs.  per  square  inch,  he 
was  satisfied  that  drilling  was  the  only  true  and  satisfactory  system 
for  manufacturing  high  pressure  steam  boilers  of  any  class,  and  for 
ensuring  good  working  boilers  with  uniform  strength  at  the  joints. 
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Mr^  W.  RiGHASPsax  said  they  had  fire  long  boilers  st  Messrs. 
Fktt's  YTorka  at  Oldham,  40  feet  long  by  5  feet  diameter,  £red 
UBdemeatli,  made  with,  pnnched  rivet  holes;  and  he  had.  foimd 
ihe  jotnte  at  the  bottom  were  liable  to  crack  between  the  rivet  holes, 
partly  from  the  iron  having  been  strained  by  the  punching,  and 
partly  because  of  the  nneqnal  expansion  in  snch  long  boiiiers,  tha 
effect  of  which  became  of  course  concentrated  at  the  weakest  part. 
He  had  known  these  cracks  extend  to  a  length  of  even  2  feet  along 
the  tine  of  rivets  before  any  leakage  began ;  bnt  as  soon  as  a  leak 
was  observed  the  men  were  instructed  to  open  all  the  sa&iy  valves 
to  let  off  the  pressnre,  these  boilers  being  heated  by  the  waste  heat 
from  puddling  aoid  baU  fimaces,  so  that  the  fires  could  not  be 
hastily  remov9d.  The  boilers  were  egg-ended  working  with  50  lbs. 
steam,  and  in  order  to  prevent  risk  of  the  transyerse  joints  parting 
a^x>ss  the  bottom  of  the  boiler,  he  had  put  in  two  long  bars  inside 
the  bottom  of  the  boiler,  ^ying  the  ends  together ;  and  had  also 
biult  a  firebrick  arch  over  the  fire,  extending  back  as  fskr  as  the 
bridge,  to  protect  the  bottom  of  the  boiler  from  the  direct  intense 
heat  of  the  fire.  Three  cases  had  occnrred  where  some  of  the 
bricks  had  become  broken  and  had  fallen  ont,  and  the  plates 
though  made  of  liow  Moor  iron  and  not  left  nncovered  by  the 
water  became  heated  red  hot  and  blown  ont  so  thin  that  the  water 
broke  through  and  put  the  fire  out. 

Mr.  L  SniTH  enquired  how  the  feed  water  was  introduced  in 
those  long  boilers. 

Mr.  W,  BiCHARDBON  replied  that  the  feed  water  was  supplied  at 
the  opposite  end  to  the  furnace,  and  was  brought  in  at  the  bottom 
of  the  boiler. 

Mr.  I.  Smith  thought  that  mode  of  introducing  the  feed  water 
was  one  of  the  causes  why  the  plates  had  been  found  to  crack  along 
the  lines  of  rivets  at  the  bottom ;  for  in  some  boilers  35  feet  long  at 
copper  works  in  South  Wales  he  had  found  that  when  the  feed  was 
sent  in  cold  along  the  bottom  of  the  boiler,  or  colder  than  the  water 
in  the  boiler,  the  bottom  plates  became  strained  longitudinally  by 
being  exposed  to  the  heat  of  the  fire  outside  and  the  cool  feed  water 
inside;  and  a  deposit  of  calcareous  matter  was  abo  formed  along 


Digitized  by  VjOOQ  IC 


2S8  GROSMONT  mOK  WORKS. 

the  bottom,  so  thaft  the  plates  were  very  liable  to  get  bnmt.  The 
injnriotLB  effect  of  deposit  was  forcibly  shown  by  holding  a  tin  pot 
of  water  over  a  smith's  fire,  when  the  bottom  could  not  be  melted 
out,  however  thin ;  but  if  there  were  any  sediment  npon  it,  then  it 
was  burnt  out  directly.  One  of  the  long  boilers  of  35  feet  length  had 
now  been  reduced  to  25  feet  length  and  the  firegrate  proportionatelj' 
diminished,  and  the  same  quantity  of  steam  was  found  to  be 
produced  with  considerably  less  consumption  of  ftiel ;  new  boilers 
had  since  been  put  down  only  13  feet  long  and  6|  feet  diameter 
with  internal  flues,  and  he  thought  it  was  a  step  in  the  wrong 
direction  to  prolong  boilers  to  such  lengths  as  had  been  mentioned. 
The  feed  also  had  been  altered  to  enter  only  4  inches  below  the 
water  line,  at  the  end  i^irthest  from  the  fire ;  and  it  was  sent  in 
horizontally  so  as  to  difi^ise  the  water  through  the  boiler  and  avoid 
an  accumulation  of  deposit  at  one  particular  place.  With  this 
arrangement  and  heating  the  feed  water  before  ite  entrance  into 
the  boiler  they  had  never  been  troubled  with  burning  a  plate  since 
the  alteration  was  made. 

The  fael  used  for  these  boilers  was  the  semi-anthracite  coal  of 
South  Wales,  and  a  brick  arch  had  formerly  been  put  in  over  the 
fire  to  protect  the  boiler  at  that  part  from  injury.  But  the  boiler 
itself  was  now  placed  at  a  greater  height  above  the  firegrate ;  for  a 
large  space  was  needed  for  the  proper  combustion  of  the  gases 
evolved  from  the  friel,  and  it  was  a  mistake  to  suppose  any  loss  of 
heat  could  arise  from  allowing  too  much  room  under  the  boiler ;  on 
.  the  contrary,  the  fiimace  ought  to  be  all  one  mass  of  flame  under 
the  boiler,  without  any  smoke  or  soot,  and  he  thought  there  was 
generally  a  loss  of  heat  from  setting  the  boiler  too  low,  both  in 
the  South  Wales  and  the  South  Staffordshire  districts.  The  fire 
bridge  too  was  usually  brought  up  too  close  to  the  bottom  of  the 
boiler,  which  was  a  frequent  cause  of  injuiy  to  the  plates  at  that 
part  by  the  severe  impinging  of  the  flame  upon  them;  and  he 
had  found  the  area  of  passage  at  the  bridge  ought  to  be  at  least 
as  much  as  25  square  inches  per  square  foot  of  grate  sur&oe  for 
the  Staffordshire  coals,  according  to  the  rule  given  by  Murray. 
Attention    had    frequently    been    drawn    to    the    importance    of 
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observing  this  Teqnirement  hy  the  Manchester  boiler  association. 

Where  boilers  -were  heated  bj  gas,  as  at  the  ironworks  described  in 

the  paper,  it  ^wbs  important  to  take  care  that  the  gas  was  bnmt  in 

ihe  proper  ws,j  under  the  boilo^,  by  means  of  a  number  of  burners 

diatribating  it  over  a  large  area,  instead  of  being  all  bnmt  in  a  large 

masB  at  one  spot.     He  was  now  erecting  a  Aimace  for  generating 

gas  to  heat  the  boilers  at  his  works  in  Birmingham,  being  satisfied 

of  the  advantages  that  wonld  resnlt  from  that  mode  of  heating 

instead  of  ordinary  coal  fires. 

Mr.  W.  BiGHABDSOK  said  in  the  boilers  he  had  described  the 
water  was  not  fed  in  cold,  bnt  was  heated  to  212^  Fahr.  before 
admission  into  the  boiler.  The  mode  of  admitting  the  feed  had 
also  been  altered,  and  it  was  now  sent  in  throngh  a  rose  pipe 
about  12  inches  below  the  water  line  at  the  &r  end  of  the  boiler,  so 
that  the  deposit  might  take  place  as  &r  as  possible  from  the  fire. 
The  plates  of  the  boilers  were  ^  inch  thick,  in  order  to  be  strong 
enongh  to  carry  the  pressnre  of  50  lbs.  with  safety;  bat  that 
thickness  was  rather  too  great  for  a  ready  transmission  of  the  heat. 
As  to  the  liability  of  the  plates  to  get  bnmt  where  covered  with 
deposit,  it  was  not  only  where  the  deposit  was  very  thick  that  this 
risk  was  incurred ;  for  with  3  feet  depth  of  water  over  the  plates  he 
had  known  them  bnmt  even  with  less  than  l-16th  inch  thickness  of 
deposit  on  them. 

Mr.  S.  Bastow  observed  that  the  large  majority  of  boiler 
explosions  that  took  place  occnrred  with  the  Cornish  boilers  with 
an  internal  fine,  where  any  deficiency  of  water  qnicMy  left  the  top 
of  the  fine  bare :  and  the  plain  cylindrical  boiler  was  attended  with 
mnch  less  risk  of  explosion,  becanse  the  bottom  plates  exposed  to 
the  fire  remained  covered  with  water  so  long  as  there  was  any  water 
at  all  in  the  boiler.  If  the  bottom  had  to  be  strengthened  by 
longitudinal  tie  bars,  as  had  been  mentioned,  this  showed  he  thought 
that  there  must  be  some  defect  in  the  working  of  the  boiler  or  some 
improper  impingement  of  the  fiame  to  cause  so  serious  a  strain 
upon  the  bottom  plates.  The  Cornish  boiler  was  no  doubt  more 
economical ;  but  on  account  of  its  greater  safety  and  simplicity  he 
thought  the  long  plain  cylindrical  boiler  was  better  adapted  for  such 
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situations  as  the  m>nwork8  described  m  the  paper,  whei^e  thsite ' 
plienty  of  room  for  the  boilers  and  fdel  was  cheap,  or  waste  gBa 
available  from  blast  famaces.  He  believed  there  were  a  large 
nnmber  of  the  plain,  cylindrical  boilers  longer  than  73  feet ;  thej- 
were  suspended  hy  overhead  bearers  in  the  manner  shown  in  tlie 
drawing,  so  as  to  be  quite  free  for  ezpanfiion  and  conimictioii 
without  injury  to  the  brickwork.  These  long  boilers  he  had  no 
doubt  would  continue  in  general  use  for  such  situations,  as  there 
were  no  other  boilers  so  economical  in  construction,  so  durable' in 
work,  or  so  little  liable  to  explosion.. 

Mr.  F.  J.  Bbahwell  remarked  that  boilers  heated  by  the  waste* 
gaa  from  blast  ftimaces  might  certainly  be  expected  to  have  an 
advantage  in  durability  over  similar  boilers  worked  with  ordinaxy 
coal  fires ;  for  it  had  been  observed  in  Mr.  Siemens*  regenerative 
gas  fdmaoes  that  the  gas  took  an  appreciable  length  of  time  to 
beoome  sufficiently  mixed  with  air  for  its  complete  combustion,  and 
consequently  the  combustion  was  not  confined  to  one  place  under  the 
boiler,  but  there  was  a  gentle  oombusticm  all  ov^r  the  bottom  of 
the  boiler^  which  must  be  highly  oonduoive  to  its  durability. 

Mr.  D.  Adahson  said  he  had  had  a  large  number  of  Cornish 
boilers  under  his  observation  and  had  never  had  any  accident  with 
them,  idthough  if  the  feed  water  were  introduced  in  an  improper 
manner  the  plates  might  unquestionably  become  burnt  and  the 
joints  strained.  But  the  plain  cylindrical  boiler  he  considered 
wastefrd  in  foel,  and  on  iha,t  aooount  inapplicable  for  many 
purposes,  since  the  evaporative  duty  was  never  above  6^  lbs.  of 
wafcer  per  lb.  of  coal :  whereas  a  good  Cornish  or  tubular  boiler, 
with  proper  room  left  for  the  circulation  of  the  water,  evaporated 
from  10  to  even  12  lbs.. of  water  per  lb.  of  coal.  In  the  explosions 
that  had  occurred  with  Cornish  boilers  he  believed  it  had  generally 
heoa  the  outer  shell  which  had  first  been  rent  asunder,  instead  of 
the  internal  flue  first  collapsing  as  was  usually  supposed;  lor 
a  great  source  of  destruction  in  Budb.  boilers  was  the  inequality  at 
temperature  to  which  they  were  subjected  in  different  parts,  owing 
to  defective  circulation  of  the  water  or  bad  arrangement  of  the  fluee 
suzronnding  the  boiler ;   and  more  injury  arose  fi^m  th&  bottom  of 
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the  boiler  bfling  too  cold  than  firom  tbe  top  of  the  mtemal 
beiiig  4oo  hot.  He&oe  manj  bodleriB  imder  such  oonditions  soffeiMd 
mneh  in  getting  up  steam,  and  he  knew  of  boilers  tiroilced 
eontinnonaly  daj  and  nigbt  throu^^nt  the  week  which  had  lasted 
mncb  longer  than  oimilar  boilen  fired  only  one  day  in  the  we^  and 
tkns  doang  a  &r  leaa  amount  of  work  than  those  oantmuonsljr  in  use. 
He  tiiflrefore  believed  the  Gondsh  boiler,  when  properly  aamnged  in 
these  rcgpecte»  was  both  the  safest  and  most  eoonomiaal  oonstniotion 
of  sbeam  boikr. 

Tbe  C&AiRMAV  enquired  what  was  the  mode  of  admxttiag  tiie  gas 
for  beniing  under  the  boflersy  where  the  waste  gas  was  brought 
down  from  the  blast  ftimace. 

Mr.  Samfson  Llotd  repiied  that  at  the  Old  Park  Iron  Works, 
Wednesbnry,  where  the  gas  was  taken  off  irom  an  open-topped 
fomace  in  the  manner  described  in  the  paper,  the  gas  was  simply 
turned  into  the  fireplace  of  tiie  bcnlers  through  a  single  opening  a 
little  before  the  end  of  the  boiler,  so  that  it  might  become 
aiffigaentiy  mued  with  the  abnosf^ieno  air.  So  &r  as  could  be 
seoa,  the  gae  wis  completely  ignited  and  thorovghly  consumed 
during  its  pacoago  mubr  the  bottom  and  throngh  the  flues  of  the 
poMer. 

The  CfliTBiffAN  observed  that,  in  reference  to  the  enlargement  of 
the  tuyeres  and  the  reduction  of  the  presBure  of  Uast^  this  had 
been  proposed  by  Mr.  Fairbadm  as  long  ago  as  1835,  with  the  use 
of  the  hat  biast  for  tibe  purpose  instead  of  a  blowing  cylinder. 
Bat  as  to  the  yield  of  the  fisimace  being  the  samre,  whether  it  were 
worioed  at  a  pressure  of  2^  lbs.  per  square  inch  or  i  lb.,  that 
oertaanly  appeared  contrary  to  the  experienoe  of  the  iron  trade ; 
aMl  it  would  be  necessary  to  learn  in  connaiioci  with  any  such 
statement  whether  there  was  anything  peculiar  in  the  minerals 
employed  or  in  the  siee  and  construction  of  the  blast  fiomaoe  where 
the  lower  pressure  of  Mast  was  used.  In  the  South  Staffordshire 
Aalrict  he  nnderstoqji  it  was  genially  thought  impossiMe  to  get 
the  blast  snfficientiy  into  tine  heart  of  the  ftimaoe  unless  a  high 
pressure  of  blast  was  employed  for  the  purpose.  With  regard  to 
utilising  the  excess  of  gas  produced  from  the  blast  Bcumaces  beyond 
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what  was  required  for  the  boilers  aad  hot-blast  stores,  at  some  of 
the  ironworks  on  the  continent  it  had  now  been  onstomaiy  for 
many  years  to  work  a  portion  of  the  pnddling  and  heating  fnmaces 
with  the  waste  gas  from  the  blast  fdmaces,  on  acoonnt  of  the  fnd 
being  much  dearer  there  than  in  this  conntry,  so  that  it  was 
necessary  to  economise  the  waste  heat  as  much  as  possible.  M 
snch  questions  however  mnst  be  solved  by  the  experience  of 
individual  works  or  districts :  the  closed  top  that  had  been  fbnnd 
snccessfnl  for  blast  frimaces  in  the  North  of  England  wonld  perhaps 
not  be  snitable  for  Staffordshire  or  Sonth  Wales,  and  in  these 
districts  it  might  be  indispensable  to  leave  the  fnmace  top  open  for 
part  of  the  gas  to  bnm  out. 

He  proposed  a  vote  of  thanks  to  Mr.  Conlthard  for  his  paper, 
which  was  passed. 


A  vote  of  thanks  was  moved  and  passed  to  the  Chairman,  the 
Local  Committee,  and  the  Honorary  Local  Secretary,  Mr.  William 
Stabbs,  for  the  excellent  arrangements  they  had  made  for  the 
meeting  of  the  Listitution  in  Liverpool ;  and  aJso  to  the  Liverpool 
Town  Council  for  their  kindness  in  granting  the  use  of  St.  George's 
Hall  for  the  purposes  of  the  meeting. 

The  Meeting  then  terminated.  Li  the  afternoon  the  Members 
were  conveyed  by  special  steamer,  granted  for  the  occasion  by 
the  Cunard  Steam  Ship  Co.  through  the  kindness  of  Mr.  Maclveri 
to  the  Canada  Dock,  where  they  inspected  the  large  dock  gates, 
swing  bridge,  and  capstans,  with  the  hydrauHc  machinery  employed 
for  working  them,  and  also  the  "Asia"  and  "Australasian"  steam 
vessels  lying  in  the  dock.  They  afterwards  visited  Messrs.  Laird's 
iron  shipbuilding  yard,  the  Woodside  Landing  Stage,  the  Birkenhead 
Float,  and  the  Hydraulic  Chain  Testing  Machine. 

In  the  evening  the  Members  and  their  Mends  dined  together  in 
St.  George's  Hall,  in  celebration  of  the  meeting  of  the  ListitotioD 
in  Liverpool. 
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On  Thitrsdaj,  6th  August,  an  Ezcttrsion  of  the  Members  took 
place  to  the  Bavenhead  Plate  Glass  Works  at  St.  Helen's,  the 
EirkleBS  Hall  Coal  and  Iron  Works  near  Wigan,  and  the  Lice  Hall 
Collieries  near  Wigan,  where  they  were  handsomely  entertained  by 
Messrs.  Pearson  and  Knowles.  On  returning  to  liverpool  the 
Members  visited  St.  Gorge's  Hall  in  the  evening,  to  inspect  the 
arrangemoits  for  the  mechanical  ventilation  and  wanning  of  the 
building,  whicsh  were  shown  in  operation  by  Mr.  Mackenzie. 

On  Friday,  7th  Angost,  an  Ezcnrsion  was  made  by  the  Members 
to  the  London  and  North  Western  Boilway  Locomotive  Works  and 
BaQ  Works  at  Crewe,  where  a  nnmber  of  Bessemer  steel  rails  were 
roHed;  and  also  to  Parkside,  where  the  Water  Trough  for  filling 
locomotive  tenders  whilst  nmning  was  shown  in  operation.  The 
Members  -werre  handsomely  entertained  at  the  Crewe  works  by 
Mr.  Bamsbottom ;  and  on  both  days  the  Excursions  were  made  by 
flpecial  train  granted  to  the  Members  for  the  occasion  by  the 
kindness  of  the  London  and  North  Western  Bailway  Company. 
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6  November,  1863. 


The  General  Meeting  of  tlie  Members  was  lield  at  tlie  liouse 
of  the  Institatioii,  Newhall  Street,  Birmingliam,  on  Tlmrsday, 
5ih  November,  1863  ;  Sampson  Lloyd,  Esq.,  in  tbe  Chair. 

The  Mmntes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  annoimced  that  the  President,  Vice-Presidents, 
and  five  Members  of  the  Conncil  in  rotation,  wonld  go  ont  of  office 
in  the  ensuing  year,  according  to  the  rales  of  the  Institution ;  and 
that  at  the  present  meeting  the  Conncil  and  Officers  were  to  be 
naminated  for  the  election  at  the  Annual  Meeting. 

The  following  Members  were  nominated  by  the  meeting  for 
the  election  at  the  Annual  Meeting: — 


president. 


Robert  Napier, 


vice-presidents. 
(Six  of  the  number  to  he 
Charles  E.  Beyer, 
William  Clay,  . 
Edward  A.  Cowper, 
Thomas  Hawksley,  . 
Eobert  Hawthorn, 
Sampson  Lloyd, 
Henry  Maudslay,  . 
John  Eamsbottom,  . 
G.  William  Siemens, 


Glasgow. 

elected.) 

Manchester. 
.     Liverpool. 

London. 

London. 

Newcastle-on-Tyne. 
.     Wednesbury. 

London. 

Crewe. 

London. 

k2 
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COUNCIL. 
(Five  of  the  nv/niber  to  he  elecied.) 
Alexander  Allan,     ....    Perth. 


John  Anderson,    . 

Woolwicli. 

Peter  D.  Bennett,  . 

.     Westbromwicli, 

Frederick  J.  Bramwell, 

London. 

Charles  Cochrane,  . 

.     Dndley. 

Benjamin  Fothergill,  . 

London. 

Thomas  Greenwood,  . 

.     Leeds. 

James  Kitson, 

Leeds. 

Walter  May,    .        .        .        . 

Birmingliam . 

John  Vernon, 

Liverpool. 

The  Chairman  annonnced  that  the  Ballot 
by  the  Committee  appointed  for  the  purpose, 
Members  were  dnly  elected : — 

members. 

John  James  Birceel, 

Julius  Boeddinghaus,  . 

Robert  Clayton, 

Alfred  Davy, 

Joseph  Hall,    .... 

Frank  Holt, 

Sturges  Meek,  .... 

John  Musgravb,  Jun.,  . 

Walter  Montgomerie  Neilson, 

Thomas  J.  Perry, 

Samuel  Rigby,  .... 

Henry  Sharp, 

William  Ford  Smith, 

William  Hugill  Walker,     . 

William  Wallace,    . 

John  Charles  Wilson, 

Francis  Wise,  .... 

Owen  Wright, 


Lists  had  been  opened 
and  the  following  New 


Liverpool. 

Elberfeld,  Prussia. 

Preston. 

Sheffield. 

Gratz,  Styria. 

Manchester. 

Manchester. 

Bolton. 

Glasgow. 

Bilston. 

Warrington. 

Bolton. 

Manchester. 

Sheffield. 

Liverpool. 

Lotidon. 

London. 

Oldbury. 
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HONORABT  MEMBERS.  ' 

John  Fairbaibn,  .  Leeds. 

George  Emmerson  Forstbr,  .        .  Washington. 

William  Hackney,     ....  Birmingham. 

Welliam  Nichols,  .  Burton-on-Trent. 

Arthur  Bigo,   .  Chester. 

Thomas  B.  Storey,  London. 


The  following  paper  was  then  read: — 
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DESCRIPTION  OF    THE    CORNISH    PUMPINa   ENGINE 

WITH  WROUGHT  IRON  REAM 

AND  THE  PIT  WORK  AT  CLAY  CROSS  COLLIERY. 


Bt  Mr.  WILLIAM  HOWE,  of  Cult  Csosb. 


At  tlie  commencement  of  tlie  working  of  tlie  Clay  Cross 
Colliery  tlie  upper  seams  of  coal  were  drained  by  the  Clay  Cross 
railway  timnel ;  but  as  the  lower  seams  were  sunk  to  and  worked, 
tbe  water  could  no  longer  run  into  the  tnnnel,  and  gradnally 
increased  in  quantity  until  it  became  necessary  first  to  put  in  pumps 
of  small  size  worked  by  the  winding  engines  then  in  use  on  the 
colliery,  which  were  sufficient  for  draining  the  works  for  some  years. 
Afterwards  as  the  works  extended  further,  one  pump  after  another 
was  added,  until  there  were  altogether  six  pumping  stations,  at  two 
of  which  were  independent  pumping  engines  of  40  horse  power  each. 
The  water  still  following  to  the  dip  of  the  measures,  it  was  found 
that  either  more  pumping  power  must  be  added  in  the  same  way 
that  it  had  been  increased  from  the  commencement,  by  putting  down 
more  engines,  or  else  a  single  large  pumping  engine  must  be  erected 
to  drain  the  whole  of  the  works,  which  had  extended  to  an  area 
of  several  hundred  acres  and  a  depth  of  420  feet.  After  much 
consideration  it  was  determined  to  erect  a  single  large  pumping 
engine  on  the  Cornish  principle,  to  pump  the  whole  of  the  water 
at  one  point  of  the  colliery.  When  this  was  completed  it  at  once 
threw  out  of  use  seven  sets  of  pumps  and  engines  requiring 
several  enginemen  to  look  after  them ;  and  saved  much  expense  in 
repairs,  which  had  been  continually  necessaiy  at  one  or  other  of  the 
several  pumping  stations. 

In  adopting  this  plan  of  pumping  it  had  to  be  taken  into 
consideration  that  the  drainage  of  the  whole  colliery  would  be 
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dependent  on  one  engine  alone,  instead  of  on  several  independent 
engines  distribnted  at  varions  points  of  the  works;  bnt  as  the 
working  of  the  minerals  went  on  increasing,  the  water  partially 
left  the  pumps  at  the  upper  part  of  the  works  and  ran  down  to  the 
lower  level,  necessitating  increased  pumping  power  at  a  greater 
depth.  This  led  to  the  conclusion  that  a  central  pumping  station 
would  be  the  most  effectual  and  convenient;  and  the  general  result  of 
experience  showed  that  the  Cornish  pumping,  engine  was  most  to  be 
relied  on  for  pumping  from  a  considerable  depth,  and  when  well 
constructed  was  least  likely  to  require  repairs.  The  result  has 
completely  carried  out  these  anticipations,  as  the  new  engine  has 
maintained  the  entire  drainage  of  the  colliery  for  the  last  three 
quarters  of  a  year,  and  has  proved  itself  completely  satisfactory  in 
requiring  no  repairs,  and  has  efiected  a  great  saving  in  cost  of 
enginemen  and  repairs  as  well  as  in  foel  and  stores.  It  has  to  be 
remarked  also  that  the  plan  of  having  pumps  in  connexion  with 
winding  engines,  as  was  previously  the  case,  involved  the 
disadvantage  that  the  engines  when  winding  were  not  so  perfectly 
under  control  for  starting  or  stopping  at  partioular  points  when 
required,  on  account  of  being  burdened  with  the  irregolar  load  of 
the  pumps :  there  was  also  the  objection  of  having  to  disconnect 
the  ropes  when  it  was  required  to  run  the  engine  for  pumping  alone. 
A  rotary  pumping  engine  is  also  "exposed  to  the  dangers  that 
inevitably  arise  with  a  pump,  from  an  obstruction  getting  under  the 
suction  clacks  and  causing  the  pump  to  miss  its  stroke ;  or  from  the 
pump  being  only  partially  filled  with  water,  so  that  when  the  plunger 
meets  the  water  at  half  stroke,  or  at  any  other  point  short  of  the 
top,  the  concussion  produced  is  so  great  that  some  portion  of  the 
maohineiy  must  give  way. 

The  new  Engine,  forming  the  subject  of  the  present  paper,  is  an 
ordinary  Cornish  pumping  engine,  erected  by  the  Butterley  Company; 
and  is  shown  in  Fig.  1,  Plate  67^  which  is  a  side  elevation  of  the 
engine  and.  a  section  of  the  house.  The  cylinder  A  is  84  inches 
diameter  with  a  stroke  of  10  feet.  The  engine  house  is  a  substantial 
buildingy  on  a  foundation  of  concrete  18  inches  thick*    iThe  cylinder 
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pillar  B  is  built  of  large  ashlar  stones  set  on  the  concrete,  and  is 
18|  feet  high  and  10  feet  thick,  running  the  Aill  width  of  the  house 
and  built  into  the  side  walls.  A  pair  of  heavy  cast  iron  girders  C  C, 
shown  black  in  section,  run  underneath  the  cylinder  pillar  and 
extend  under  the  side  walls  of  the  house,  the  holding-down  bolts 
of  the  cylinder  passing  through  them.  The  beam  wall  D,  which 
extends  across  the  house  and  unites  with  the  side  walls,  is  also  built 
of  large  ashlar  stones  up  to  the  level  of  the  cylinder  pillar,  and  is 
8  feet  thick;  on  the  top  of  this  work  a  cast  iron  plate  E  is  laid,  7  feet 
wide,  extending  nearly  the  full  width  of  the  engine  house ;  the 
beam  wall  is  then  built  up  of  brick  to  within  3^  feet  of  the 
bedplate  for  the  main  plummer  blocks  to  rest  upon,  and  is  then 
finished  with  two  courses  of  ashlar  stone.  Eight  large  tie  bolts 
pass  down  through  the  spring-beam  boxes,  the  bedplate,  and  the 
plate  E  at  the  bottom  of  the  brickwork,  securing  the  whole  in  one 
solid  mass.  The  rest  of  the  engine  house  is  built  of  brick  with 
stone  quoins. 

The  top  nozzle  F,  Fig.  1,  Plate  67,  contains  the  regulating, 
steam,  and  equilibrium  valves :  the  regulating  and  equilibrium 
valves  are  each  12  inches  diameter,  and  the  steam  valve  14  inches. 
The  bottom  nozzle  G-  contains  the  eduction  valve,  which  is  18  inches 
diameter.  AH  the  valves  are  on  the  ordinary  double-beat  principle, 
of  massive  construction  and  made  of  gun-metal.  The  top  and  bottom 
nozzles  are  connected  with  two  side  pipes  H,  each  12  inches 
diameter,  through  which  the  steam  passes  from  the  top  to  the 
underside  of  the  piston,  forming  a  perfect  equilibnum.  The 
cylinder  cover  is  double,  having  a  false  cover  with  a  space  between. 
The  cylinder  is  not  made  with  the  steam-jacket  usuaDy  employed  in 
Cornish  pumping  engines,  but  it  is  covered  with  wood  and  dry  hair 
felting ;  an  air  space  of  6  inches  is  left  between  the  outside  of  the 
cylinder  and  the  first  covering  of  rough  1  inch  boards ;  outside  of 
these  is  placed  about  1  inch  thickness  of  felt,  and  outside  that  a 
cleading  of  2  inches  thickness :  the  whole  having  sufficient 
non-conducting  power  to  keep  the  engine  house  remarkably  cool. 
The  metal  of  the  cylinder  is  2^  inches  thick,  with  flanges  in 
proportion  well  bracketed,  and  weighs  upwards  of  11  tons.    The 
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pisioii  lias  metallic  packing,  two  outer  rings  and  one  inner  one,  all 
of  cast  iron ;  eight  springs  are  placed  inside  the  inner  ring,  with 
pns  and  nuts  for  adjustment. 

There  are  two  plug  rods  I,  Fig.  1,  Plate  &?,  one  carrying  the 
tappet  to  shxit  the  steam  valve,  which  may  be  varied  to  work  to  any 
degree  of  expansion,  and  also  a  tappet  to  work  the  cataract  J  for 
opening  the  steam,  eduction,  and  injection  valves ;  the  other  rod 
carries  the  tappets  to  close  the  eduction,  equilibrium,  and  injection 
valves,  and  also  a  tappet  to  work  the  cataract  K  for  opening  the 
equiUbrium  valve.  Generally,  it  is  believed,  Cornish  pumping 
engines  have  only  one  cataract  J,  to  open  the  steam,  eduction,  and 
injection  valves  at  the  conclusion  of  the  outdoor  stroke ;  but  in  the 
pr^ent  case  the  writer  preferred  having  a  second  cataract  K  to  open 
the  equilibrium  valve  at  the  conclusion  of  the  indoor  stroke,  so  as  to 
have  a  pause  at  each  end  of  the  stroke,  before  the  opening  of  the 
equilibrium  valve  as  well  as  before  the  admission  of  the  steam,  in 
order  to  allow  ample  time  for  the  pump  valves  to  close  completely. 

The  air  pump  and  condenser  are  placed  within  a  cast  iron 
cistern  L,  Fig.  1,  Plate  67,  lOf  feet  long,  7  feet  wide,  and  11^  feet 
deep,  bolted  down  upon  two  cast  iron  girders  placed  on  a  heavy  ashlar 
stone  and  brick  foundation.  The  foot  and  delivery  valves  and  also 
the  bucket  valve  are  composed  of  india-rubber  discs,  with  brass  grid 
faces,  having  a  guard  above  to  prevent  them  from  rising  too  high. 
The  air  pump  bucket  is  packed  with  hemp,  as  is  generally  the  case 
in  such  engines  ;  and  the  injection  valve  is  fixed  on  one  side  of  the. 
condenser,  inside  the  cistern.  The  injection  pipe  is  a  4  inch  pipe 
tapering  to  3  inches  diameter  at  the  end,  and  is  set  pointing  in  such 
a  direction  as  to  throw  the  water  against  the  side  of  the  condenser^ 
whereby  it  is  distributed  so  as  to  meet  the  steam.  The  water  in 
the  condensing  cistern  is  kept  at  a  temperature  of  60*^  Fahr.,  the 
temperature  of  the  hot  well  being  113*'. 

The  engine  Beam  M,  Fig.  1,  Plate  67,  is  of  wrought  iron, 
designed  and  made  by  the  Butterley  Company,  and  is  shown  in 
detail  to  a  larger  scale  in  Figs.  2  to  6,  Plates  68  and  69.  It  is  made 
of  two  wrought  iron  slabs  M  M,  one  on  each  side,  each  slab  being 
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rolled  in  one  piece  2  inches  tldck  tbronghont,  36|  feet  long  over  all, 
7  feet  1  inch  deep  in  the  middle  and  3. feet  4  inches  deep  at  the 
ends.  Each  slab  weighs  upwards  of  7|  tons,  and  the  total  weight 
of  the  beam  is  about  33  tons.  The  two  wrought  iron  slabs  are 
stayed  and  bolted  together  by  large  east  iron  distance  pieces  N  If 
with  broad  flat  ends,  the  holes  being  bored  and  the  bolts  tamed  for 
bolting  the  slabs  to  the  ends  of  the  distance  pieces.  There  is  also 
a  strong  cast  iron  centre  piece  O,  bored  for  the  main  centre 
gudgeon  to  pass  through,  Fig.  4,  and  keyed  upon  the  gudgeon. 
Each  end  of  this  centre  piece  is  turned,  and  has  a  projecting 
boss  P  also  turned ;  the  two  large  wrought  iron  slabs  are  bored  to 
fit  these  bosses,  and  cast  iron  washer  plates  also  bored  are  put  on 
outside  ;  and  the  whole  is  securely  bolted  together  with  twelve  bolts 
on  each  side,  turned  and  fitted  into  holes  bored  to  receive  them. 
The  beam  is  stiffened  on  the  lower  side  by  a  wrought  iron  plate  Q, 
12  feet  long  and  1  inch  thick,  underneath  the  main  centre, 
connecting  the  two  wrought  iron  slabs,  which  are  4  feet  Ij  inch 
clear  apart ;  the  plate  Q  is  rivetted  to  the  slabs  by  two  heavy  angle 
irons.  The  gudgeons,  excepting  the  main  centre,  are  turned  and 
fitted  into  holes  bored  in  the  sides  of  the  beam,  as  shown  in  Fig.  6, 
having  a  cast  iron  washer  plate  bolted  on  the  slabs  both  outside  and 
inside  to  give  a  longer  bearing,  the  washer  plates  being  bolted 
through  the  beam  slabs  with  bolts  turned  and  fitted  accurately  into 
bored  holes.  The  gudgeons  are  rivetted  over  the  outside  washeqp, 
.which  are  slightly  countersunk  for  the  purpose,  and  a  key  is  put 
through  before  this  is  done  to  prevent  the  gudgeon  from  turning. 
The' beam  thus  constructed  is  perfectly  stiff*,  and  no  lateral  vibration 
can  be  perceived ;  it  is  altogether  a  complete  success. 

The  parallel  motion  B,  Fig.  1,  Plate  67,  is  placed  inside  the 
beam  slabs  M ;  it  is  of  the  ordinary  construction,  very  substantial 
and  got  up  bright.  The  crosshead  is  a  massive  block  of  wrought 
iron  through  which  the  piston  rod  passes  loose ;  the  rod  is  8  inches 
diameter  and  is  secured  in  the  crosshead  by  two  half  rings  of  1  inch 
larger  diameter,  fixed  in  a  recess  turned  in  the  top  of  the  rod,  the 
hole  in  the  crosshead  being  also  bored  out  to  9  inches  diameter 
for  half  the  length  from  the  top ;  so  that,  should  the  piston  strike 
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the  bottom   ot  the  ojlinder,  the  piston  rod  wonld  slide  np  free 
through  the  crosshead. 

The  engine  is  always  started  with  high  pressure  steam  without 
a  vacnnm,  the  steam  and  ednction  cataract  J,  Fig.  1,  Plate  &7,  being 
secnred  by  a  pin  so  that  the  valve  catches  cannot  be  Hiled  by  the 
cataract.  The  regulating  valve  is  opened  by  the  handwheel  and 
screw ;  the  eduction  and  injection  valves  are  opened  by  the  handle ; 
and  the  steam  valve  is  opened  by  placing  the  foot  in  the  stirrup  on 
the  rod.  The  engine  thus  makes  the  indoor  stroke,  and  after  a  few 
strokes  a  vacuum  is  produced,  and  the  engine  regulated  to  the 
proper  length  of  stroke  by  the  regulating  valve.  The  cataract  J  is 
then  released  so  that  it  may  liberate  the  valve  catches ;  and  the 
engine  then  works  the  desired  length  of  stroke  so  long  as  the  steam 
in  the  boilers  remains  at  about  the  same  pressure.  The  cataracts 
J  and  K  which  are  charged  with  water  are  of  the  ordinary 
description,  having  a  working  barrel  with  a  ram  in  it,  which  is 
placed  inside  a  small  circular  cistern ;  the  working  barrel  has  only 
one  clack  or  valve,  which  opens  inwards.  The  outlet  for  the  water 
is  through  a  small  orifice,  the  opening  of  which  is  regulated  by 
laLsing  or  lowering  a  plug  by  means  of  a  screw  and  handle.  The 
speed  of  the  engine  is  thus  regulated  by  lengthening  or  shortening 
the  interval  between  each  stroke,  so  that  it  may  be  worked  from  a 
minimmn  speed  of  only  one  stroke  in  three  or  four  minutes  up  to  a 
mazimum  speed  of  about  eight  strokes  per  minute.  The  engine  does 
not  regularly  make  the  jMl  stroke  of  10  feet  length,  but  averages 
about  9  feet  7  inches;  and  the  speed  seldom  exceeds  four  strokes  per 
minute,  the  piston  in  that  case  attaining  an  average  speed  of  about 
76  feet  per  minute.  The  usual  speed  of  the  piston  during  the  indoor 
stroke  is  about  290  feet  per  minute,  and  the  outdoor  stroke  occupies 
about  double  the  time  of  the  indoor  stroke.  The  speed  of  the  indoor 
stroke  varies  of  course  according  to  the  degree  of  expansion :  when 
the  steam  is  admitted  to  the  cylinder  at  a  higher  pressure  and  cut 
off  at  about  two  thirds  of  the  stroke,  the  indoor  stroke  is  completed 
in  about  1\  seconds,  or  the  piston  travels  at  the  rate  of  about  400  feet 
per  minute.  But  when  this  is  the  case  the  concussion  of  the  pump 
rods  in  the  shaft  is  so  great  that  it  is  not  desirable  to  work  at  such 
ft  high  degree  of  expansion  at  present. 
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The  boilers  are  of  the  plain  cylindrical  form  with  hemispherical 
ends,  and  fired  underneath :  they  are  four  in  number,  each  being 
85  feet  long  and  5  feet  diameter.  The  steam  stop- valves  are  placed 
on  a  dome  4  feet  high  and  2\  feet  diameter,  rivetted  on  the  top 
of  each  boiler ;  two  horizontal  steam  receivers,  each  13  feet  long 
and  3  feet  diameter,  united  by  an  expansion  joint,  form  the  main 
steam  pipe,  each  passing  over  two  boilers  and  coimected  with  the 
boilers  by  elbow  branches  jointed  on  the  stop- valve  boxes :  so  that 
any  condensation  which  may  take  place  in  the  steam  pipes  between 
the  boilers  and  the  engine  will  run  back  into  the  boilers.  It  is 
intended  to  cover  these  steam  receivers  with  dry  hair  felting  and 
sheet  iron,  and  also  to  place  a  house  and  roof  over  the  boilers,  in 
*  order  to  prevent  radiation  and  condensation.  The  flues  ran  from 
the  fires  up  one  side  of  the  boilers  and  down  the  other  side, 
being  separated  by  a  centre  wall ;  and  the  flues  of  two  boilers 
meet  in  one  main  flue  leading  to  the  chimney  which  is  101  feet 
high.  The  boilers  are  suppHed  with  water  from  the  hot  well  by  a 
donkey  engine. 

The  depth  of  the  pit  shaft  is  418  feet,  and  the  general 
arrangement  of  the  pit  work  is  shown  in  Figs.  7  and  8,  Plates  70 
and  71,  which  are  vertical  sections  of  the  pit  shaft  with  the  pumps 
in  elevation.  The  black  portions  represent  the  different  seams  of 
coal  passed  throngh  in  sinking. 

A  large  stone  18  inches  thick  is  bedded  at  the  bottom  of  the 
shaft  for  thb  windbore  of  the  bucket  pump  to  rest  upon.  The 
remainder  of  the  shaft  bottom  is  filled  in  with  hard  burnt  brickB 
and  Barrow  lime,  forming  a  level  bottom,  so  that  the  "  sump  "  S, 
Figs.  7  and  8,  may  be  cleaned  as  easily  as  possible  when  required. 
The  bucket  set  of  pumps,  shown  to  a  larger  scale  in  Figs.  12  to  17, 
Plate  73,  is  160  feet  fivm  the  bottom  of  the  windbore  to  the 
delivery  pipe  T,  Figs.  7  and  10,  the  working  barrel  being  18  inches 
diameter  and  made  for  a  10  feet  stroke.  The  pipes  are  19  inches 
diameter,  so  that  the  bucket  may  easily  be  raised  up  through 
them  if  necessary.  The  bucket  when  at  the  top  of  the  stroke  is 
about  25  feet  from   the  bottom  of  the  windbore.     The  suction 
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dack  A,  Fig.  13,  is  10|  feet  from  the  bottom  of  the  windbore, 
and  is  Bhown  enlarged  in  Figs.  18  to  21,  Plate  74 :  it  is  made  of 
YmiSB,  with,  -wrought  iron  lids  faced  with  leather,  shown  black  in 
¥ig8.-18  and  19,  working  on  a  pin  B  which  acts  as  the  hinge.  The 
hole  through  which  the  hinge  pin  passes  in  the  clack  is  slightly 
obloi^  vertically,  as  shown  in  Figs.  18  and  20,  allowing  the  clack  falls 
to  lift  vertically  about  l-8fch  inch  as  they  open.  The  hinge  pin  B 
ia  kept  in  its  place  by  the  clack  door,  and  when  the  door  is  removed 
the  pin  can  be  drawn  out  and  the  clack  lids  changed  ia  a  few  seconds. 
The  bucket,  shown  enlarged  in  Figs.  16  and  17,  Plate  78,  is 
made  of  brass,  and  the  lids  of  iron  faced  with  leather,  like  those  of 
the  clack  ;  and  the  hole  in  the  bucket  rod  through  which  the  hinge 
pin  B  passes  is  also  slightly  oblong,  to  allow  the  lids  to  lift  a  little 
in  opening;  the  pin  is  secured  endways  by  a  cotter,  but  should 
the  cotter  by  any  means  slip  out  of  its  place,  the  hinge  pin  cannot 
get  out,  so  long  as  the  bucket  is  in  the  working  barrel.  The  top 
part  of  the  bucket  is  flanged  out  to  fit  the  working  barrel,  and  the 
hoop  C  at  the  bottom  of  the  bucket  also  nearly  fits  the  barrel.  The 
leather,  shown  black  in  Fig.  16,  is  placed  on  the  bucket  in  the  usual 
manner,  and  covered  by  the  hoop  C  below:  by  this  means  it  is  hoped 
to  prevent  the  leather  from  wearing  out  on  one  side  of  the  bucket, 
as  sometimes  occurs,  by  the  flange  on  the  top  of  the  bucket  and  the 
hoop  on  the  bottom  keeping  the  bucket  in  a  truly  central  position  in  * 
the  working  barrel  in  this  case,  the  leather  acting  solely  as  the 
water-tight  joint  between  the  flange  on  the  top  and  the  hoop  on  the 
bottom  of  the  bucket. 

The  bucket  spears  are  9  inches  square,  fixed  on  the  side  of  the 
main  spears  by  strong  wrought-iron  clamps.  They  are  made  of 
pitch  pine  with  butt  joints,  secured  by  four  wrought  iron  strapping 
plates  to  each  joint,  the  two  side  ones  being  14  feet  long  and  the 
other  two  12  feet  long :  holes  are  bored  in  these  strapping  plates  to 
a  gauge,  and  the  outside  of  the  plates  are  faced  down  to  form  a 
trae  bearing  for  the  nuts  and  bolt  heads.  The  holes  in  the  plates 
next  the  bolt  heads  are  bored  1*1 6th  inch  larger  in  diameter  than 
those  next  the  nuts,  in  order  to  allow  the  bolts  to  be  driven  in  easily 
imtil  they  are  nearly  up  to  the  head,  when  they  are  driven  tightly 
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in;  and  tlie  bolts  also  are  turned  to  a  gange  of  l*16th  inch 
larger  diameter  for  1}  inch  length  underneath  the  head,  in  order 
to  get  the  full  bearing  through  the  hole  in  the  plate.  This  mode  of 
fixing  gives  an  advantage  also  in  getting  the  bolts  out  whenever 
repairs  are  required,  because  after  they  have  once  been  moved  they 
can  then  easily  be  driven  out. 

This  bucket  pump  dehvers  into  the  drift  D,  Figs.  8  and  10, 
Plates  71  and  72,  which  is  carried  forward  to  the  well  E,  whence  the 
lower  plunger  pump  F  takes  the  water  and  dehvers  it  at  the. 
drift  near  the  top  of  the  pit.   ^ 

The  lower  plunger  pump  F,  Figs.  7-  and  8,  Plates  70  and  71, 
is  shown  in  section  enlarged  in  Figs.  22  to  25,  Plate  75.  The 
clacks  are  of  brass  and  fitted  up  the  same  as  the  clack  already 
described  in  the  bucket  pump,  as  shown  in  Plate  74.  The  plunger  G 
is  18  inches  diameter,  and  the  stuffing-box  H  of  the  plunger  is  fixed 
on  the  top  of  the  cylinder  so  that  it  will  admit  of  easy  removal  in 
case  of  wear  or  breakage.  The  rising  main  I  is  19  inches  diameter. 
This  plunger  pump  forces  the  water  about  270  feet  from  the 
bottom  of  the  windbore  in  the  well  E,  Figs.  7  and  10,  to  the 
delivery  at  the  drift  near  the  top  of  the  shaft.  The  pump  is  carried 
on  the  substantial  oak  bunting  J,  which  is  2  feet  8  inches  square 
and  16  feet  long,  resting  on  a  solid  bearing  of  more  than  4  feet 
length  at  each  end,  as  seen  in  Fig.  10,  leaving  the  middle 
unsupported  part  httle  more  than  7  feet  in  length.  The  water 
raised  by  this  plunger  pump  from  the  bucket  pump  below  is  not  fit 
to  be  used  for  the  boilers  or  condenser  on  account  of  its  corrosive 
quaHty  and  the  impurities  it  contains ;  it  is  therefore  allowed  to 
run  away. 

The  upper  plunger  pump  K,  Figs.  7,  8,  and  9,  Plates  70,  71, 
and  72,  is  exactly  the  same  in  construction  as  the  lower  plunger 
pump,  having  the  same  size  of  plunger,  18  inches  diameter;  it 
pumps  the  water  from  an  independent  supply  entering  at  the 
point  L,  which  is  217  feet  down  the  shaft.  This  water  is  coUected 
in  an  extensive  standage  in  an  upper  seam  of  coal  shown  black 
in  the  sections,  Figs.  7  and  8;  and  being  comparatively  pure,  so 
as  not  to  injure  the  condensing  apparatus  or  boilers,  the  whole  of 
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it  is  deliyered  into  the  condensing  cistern,  wbicli  is  thereby  kept  at 
the  temperatore  of  50^.  It  is  then  used  for  all  the  boilers  at  the 
lower  part  of  the  works,  and  also  for  the  tuyeres  at  the  blast 
furnaces.  This  water  not  being  of  a  corrosive  nature,  cast  iron 
clacks  are  used  in  the  upper  plunger  pump,  fitted  exactly  the 
same  as  the  brass  clacks  already  described  in  the  two  other  pumps. 
The  pipes  of  the  rising  main  of  19  inches  internal  diameter  are 
cast  in  9  feet  lengths,  as  shown  in  Fig.  26,  Plate  76,  the  thickness  of 
metal  varying  &*om  If  inch  at  the  bottom  of  the  rising  main  to 
1  inch  at  the  top  of  the  pit,  as  shown  in  Figs.  26  and  27.  The 
joints  of  the  pipes  are  flanged  joints,  as  shown  enlarged  to  one 
quarter  full  size  in  the  section.  Fig.  29,  and  the  end  of  each  pipe  is 
recessed  1  inch  into  the  end  of  the  next ;  the  bearing  faces  O  O  are 
faced  in  the  lathe,  and  between  them  is  inserted  a  flat  turned  wrought 
iron  ring,  J  inch  thick,  wrapped  round  with  tarred  flannel,  as  shown 
black  in  Fig.  29.  This  is  found  to  make  a  perfectly  water-tight 
joint,  the  tarred  flannel  becoming  squeezed  up  into  the  spigot  and 
socket  joint  when  the  bolts  are  screwed  up,  as  shown  in  Fig.  29. 
There  are  eight  1\  inch  bolts  to  each  joint,  with  a  bracket  1|  inch 
thick  cast  between  each  bolt  hole,  as  shown  in  the  plan,  Fig.  28 ; 
and  the  thickness  of  the  flanges  is  the  same  at  all  the  joints,  as 
shown  in  Figs.  26  and  27,  whatever  the  thickness  of  metal  of  the 
pipes  themselves.  In  the  whole  of  the  pipes  also  the  full  thicknesB 
of  metal,  li  inch,  is  retained  for  a  length  of  7^  inches  from  the 
joint,  to  the  ends  of  the  brackets,  as  shown  in  Figs.  27  and  29. 

The  main  pump,  spears,  shown  in  the  general  vertical  sections, 
Figs.  7  and  8,  Plates  70  and  71,  are  made  of  pitch  pine,  the  several 
lengths  fitted  together  with  butt  joints  in  the  same  manner  as  the 
spears  of  the  bucket  pump  already  described ;  the  joints  being 
secured  with  four  heavy  wrought  iron  strapping  plates,  two  of 
which  are  18  feet  long  and  the  other  two  16  feet  long,  all  of  them 
7  inches  wide  and  2  inches  thick  in  the  middle,  tapering  to 
1  inch  thick  at  each  end.  The  main  spears  are  16  inches  square  at 
the  top  and  15  inches  square  at  the  bottom ;  the  five  top  lengths 
are  each  exactly  45  feet  long,  and  the  bottom  length  50  feet  long. 
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These  spears  work  through  heavy  cast  iron  guides  M,  Figs.  30  to  32, 
Plate  11^  which  are  supported  on  oak  buntings  9  inches  square 
resting  on  a  cross  bunting  12  inches  deep  by  10  inches  wide, 
the  latter  serving  also  as  a  stay  for  the  pumps.  The  part  of  the 
main  spears  which  works  through  the  cast  iron  guides  is  covered 
with  hard  wood  liners  or  sliding  pieces  N  about  1^  inch  thick  and 
planed  up  quite  true  and  parallel,  which  may  be  easily  replaced 
when  worn.  These  spear  guides  are  placed  at  the  third,  fourth,  and 
sixth  lengths  of  the  spears,  as  seen  in  Figs.  7  and  8.  There  is  no 
guide  on  the  fifth  length  of  spear,  passing  the  upper  plunger  pump  K, 
Figs.  7  and  8,  as  there  is  no  room  on  the  spear  to  place  one  there; 
but  the  two  plunger  pumps  being  fixed  one  on  each  side  of  the 
main  spears  are  so  nearly  balanced  that  little  or  no  vibration  takes 
place  at  that  point.  The  top  spear  leading  from  the  end  of  the 
engine  beam  is  guided  by  the  banging  beams  P,  Fig.  33,  Plate  78, 
on  the  two  sides  only,  the  back  and  front  being  left  open,  Fig.  34, 
to  allow  of  the  vibration  of  the  spears  consequent  upon  the  arc 
described  by  the  extremity  of  the  engine  beam.  The  second  spear 
from  the  top  is  guided  all  round. by  wood  buntings  and  liners  fixed 
on  the  spears,  as  shown  at  Q  in  Figs.  7  and  8,  and  to  a  larger  scale 
in  Figs.  35  and  36,  Plate  78 ;  the  front  Hner  being  made  hollow 
and  the  back  one  convex,  Fig.  36,  to  allow  of  the  proper  amount 
of  vibration  of  the  spears,  which  is  about  3^  inches  at  that  point, 
as  shown  by  the  dotted  centre  lines  in  Fig.  36.  In  4;hi8  view 
the  spear  is  shown  in  the  extreme  position  of  vibration  on  one 
side  of  the  vertical,  being  then  at  the  bottom  of  its  stroke. 

There  are  two  banging  pieces  RR,  Figs.  33  and  34,  Plate  78, 
clamped  and  bolted  on  each  side  of  the  main  spears  at  the  pit  top, 
working  down  upon  heavy  oak  buntings ;  and  also  two  cast  iron 
banging  pieces  S  S,  Figs.  30  and  31,  Plate  11^  about  130  feet  down 
the  shaft,  which  is  as  low  as  they  can  be  placed.  These  are  fixed  by 
2  inch  bolts  on  the  sides  of  the  main  spear,  and  work  down  upon 
two  oak  buntings  16  inches  square,  which  rest  at  one  end  for  about 
2^  feet  length  in  the  shaft  side,  and  at  their  outer  ends  oix  another 
oak  bunting  in  front  of  the  main  spears,  4  feet  11  inches  deep 
and  14  inches  thick,  going  frdly  3  feet  into  the  shaft  side  at  each 
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Oftd.  These  buntings  with  those  at  the  top  of  the  shaft  form  a 
secure  resting  place  for  the  main  spears  when  the  engine  is  out  of 
the  house;  and  it  is  hoped  they  wotdd  be  strong  enough  to  stop 
the  &I1  of  the  spears  in  case  one  of  the  clacks  should  ever  break  or 
any  part  of  the  pumps  or  rising  main  should  burst.  Figs.  30  to  34 
show  the  spears  at  the  bottom  of  the  stroke,  with  the  banging 
pieces  R  and  S  just  clear  of  the  banging  beams.  In  ordinary  working 
the  equilibrium  valve  of  the  engine  is  shut  at  such  a  point  that  the 
banging  pieces  on  the  spears  never  touch  the  banging  beams.  The 
rising  mains  I  of  the  pumps  are  stayed  at  every  third  pipe  by 
^wrought  iron  straps  passing  round  the  pipe  and  screwed  through 
the  buntings,  as  shown  in  Figs.  35  and  36,  Plate  78,  so  that  should 
a  pipe  require  changing  it  would  not  be  necessary  to  remove  a  single 
bontiEig ;  and  the  buntings  are  fixed  so  firmly  in  the  shaft  side  that 
it  would  be  rather  a  serious  matter  to  remove  one. 

In  Figs.  7,  8,  and  11,  Plates  70  to  72,  is  shown  the  recess  U  made 
in  the  shaft  side  for  the  purpose  of  packing  and  examining  the 
glands  of  the  plunger  pumps  F  and  K,  so  that  the  man  may  be 
entirely  out  of  danger  in  the  shaft.  In  Fig.  9  there  is  a  recess  for 
the  suction  pipe  of  the  upper  plunger  pump  K  to  pass  through  to 
the  well  L,  and  in  Fig.  10  a  similar  recess  to  the  well  £  for  the 
suction  pipe  of  the  lower  plunger  pump  F;  the  suction  pipe  is 
scaffolded  over,  and  forms  a  platform  to  stand  upon  out  of  the  shaft 
ior  changing  and  examining  the  clacks,  thus  keeping  the  shaft  quite 
clear  for  repairs  when  needed. 

In  the  rising  main  of  each  of  the  plunger  pumps  is  placed 
a  2  inch  valve  with  a  pipe  leading  back  to  the  well  from  which  the 
pump  draws,  for  the  purpose  of  regulating  the  supply  of  water 
to  each  pump.  These  valves  are  worked  by  rods  from  the  surface, 
and  there  are  three  floats,  one  in  each  of  the  plunger  pump  wells 
and  the  third  in  the  well  S  at  the  bottom  of  the  shaft,  Figs.  7  and  8, 
Plates  70  and  71.  The  tops  of  the  float  rods  are  in  sight  of  the 
engineman,  so  that  by  means  of  the  return  valves  part  of  the  water 
can  be  allowed  to  run  back  into  either  of  the  plunger  pump  wells,  in 
order  to  keep  the  water  level  always  above  the  top  of  the  windbore, 
whereby  the  pumps  are  kept  ftilly  supplied  with  water,  and  always, 
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as  it  is  termed,  "  working  on  the  solid."  From  each  of  the  plunger 
pump  wells  an  overflow  pipe  Y,  Figs.  7  and  8,  is  taken,  one  6  inches 
and  the  other  8  inches  bore,  to  allow  any  irregolaritj  of  supply  to 
run  to  the  bottom  of  the  shaft. 

As  the  engine  is  single-acting,  the  moving  pit  work  has  to 
be  heavy  enough  to  balance  not  only  the  column  of  water  in  each  of 
the  two  plunger  pumps,  but  also  the  piston,  parallel  motion,  plug 
rods,  and  all  the  work  hanging  on  the  beam  inside  the  engine  house. 
The  moving  pit  work  &c.  on  the  outer  end  of  the  beam  weighs 
a  little  more  than  34  tons,  and  the  weight  of  the  two  columns 
of  water  is  about  24  tons,  leaving  a  balance  of  more  than  10  tons  in. 
excess  upon  the  outer  end  of  the  beam  to  overcome  the  weight  of 
the  piston  and  the  work  on  the  inner  end  of  the  beam,  which 
amounts  to  rather  more  than  7  tons,  thereby  leaving  an  excess 
of  weight  of  about  3  tons  to  overcome  the  friction  of  the  pit  work, 
and  to  give  the  necessary  speed  of  motion  to  the  water  in  the  rising 
mains. 

This  engine  has  purposely  been  made  larger  than  is  necessary 
for  the  present  requirements  of  the  colliery,  in  order  to  allow  for 
considerable  future  extension  of  the  workings  without  the  need  of 
again  increasing  the  engine  power  for  drainage.  In  consequence  of 
the  engine  being  thus  too  large  at  present  for  the  work  to  be  done, 
it  does  not  yet  admit  of  expansion  being  carried  to  any  high  degree  ; 
for  the  total  mass  set  in  motion  by  the  engine  amounts  at  present 
to  only  about  64  tons,  taking  the  effective  inertia  of  the  beam  as 
equal  to  6  tons  collected  at  the  extremities  ;  which  is  not  sufficient 
to  control  the  velocity  of  the  stroke  at  starting  within  the  limits 
that  are  safe  for  the  pump  work,  unless  the  degree  of  expansion  be 
very  limited,  so  as  to  allow  of  a  comparatively  low  initial  pressure 
of  steam. 

The  accompanying  indicator  diagrams.  Figs.  37  to  40,  Plate  79, 
show  the  working  of  the  engine  under  different  degrees  of  expansion. 
Fig.  37  shows  the  diagram  obtained  in  an  experiment  in  which 
the  steam  was  cut  off  at  71  per  cent,  of  the  stroke,  which  is  about 
the   limit  of  expansion   considered   prudent  for   experiment,   on 
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aoooimt  of  tib^e  liak  of  damage  to  the  pit  work  &om  the  concasaion 
produced  at  the  begimung  of  each  steam  stroke  by  the  sudden 
anatch  of  the  engine  upon  the  pump  rods.  Fig.  88  shows  a  lower 
degree  of  expansion,  with  the  steam  out  off  at  82  per  cent,  of  the 
stroke ;  and  Fig.  39  shows  the  diagram  obtained  when  the  steam 
IB  cat  off  at  84  per  cent,  of  the  stroke,  and  Fig.  40  at  91  per 
cent.)  which  is  about  the  range  of  expansion  used  in  regular 
working.  The  boiler  pressure  was  14  lbs.  per  square  inch  above 
the  atmosphere,  but  throttled  down  to  about  8  lbs.  on  admission 
to  the  cylinder.  The  bailers  are  not  at  present  roofed  over  nor 
oorered  at  the  top,  nor  are  the  steam  pipes  £rom  them  coated 
in  any  way ;  and  the  construction  of  the  boilers,  plain  egg-ended 
IxnlerB  with  the  flue  underneath  divided  by  a  middle  wall,  giving 
only  one  return  of  the  heat  xmder  the  boiler,  is  not  adapted  for 
an  economical  consumption  of  fuel ;  the  evaporatiTe  duty  obtained 
is  consequently  only  about  3^  to  4  lbs.  of  water  per  lb.  of  coal 
slack.  Under  these  circumstances  the  duty  at  present  attained 
by  the  engine  amounts  to  only  about  27  million  lbs.  xaised  1  foot 
high  by  the  consumption  of  1  cwt.  of  slack. 

Each  of  the  two  pumps  delivers  about  108  or  110  gallons  of 
water  at  each  stroke,  according  to  the  length  of  stroke  allowed  to 
the  engine.  The  number  of  strokes  the  engine  is  making  at  the 
present  time  is  4  per  minute  for  twelve  hours,  delivering  about 
52,000  gallons  per  hour,  and  the  engine  standing  the  other  twelve 
hours.  It  has  worked  up  to  7  or  8  strokes  per  minute  for  a  veay 
ehort  time,  and  as  slow  as  |  stroke  per  minute.  The  quantity  of 
water  in  the  colliery  fluctuates  a  great  deal,  requiring  a  corresponding 
variation  in  the  rate  of  working  the  engine :  during  the  past 
Slimmer  about  1^  strokes  per  minute  during  the  twelve  hours 
cleared  the  colliery  of  water ;  but  now  it  requires  about  4  skokes 
per  minute  to  drain  the  workings  in  the  same  time. 
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The  Chaibmak  observed  that  the  paper  now  read  oontamed  a 
great  deal  of  practical  information,  and  gave  very  ample  detailfl 
of  the  construction  and  working  of  the  large  pnmping  engine.  The 
adoption  of  the  wrought  iron  engine  beam  was  a  feature  of  paHdcalar 
interest  after  the  terrible  accident  that  had  occurred  at  the  Hartley 
ColHery  by  the  breaking  of  the  large  cast  iron  beam.  In  the 
wrought  iron  beam  described  in  the  paper  the  two  massive  slabs 
composing  it  were  of  such  dimensions  that  it  would  not  have  been 
thought  practicable  a  few  years  earUer  to  produce  them  at  any 
ironworks.  Now  however  that  this  had  been  so  successfully 
accomplished  in  the  Clay  Cross  beam,  it  would  probably  lead  to  the 
introduction  of  similar  large  wrought  iron  beams  wherever  there 
were  any  great  strains  to  be  borne,  in  order  to  prevent  any  risk  of 
the  recurrence  of  such  a  terrible  catastrophe  as  that  at  Hartley. 

Mr.  F.  J.  Bramwell  observed  that  in  reference  to  the  reasons  for 
adopting  the  Cornish  pumping  engine  for  draining  the  colhery  at 
Clay  Cross,  in  preference  to  a  rotary  pumping  engine,  it  had  been 
mentioned  that  with  the  latter,  if  the  pump  should  ever  be  only 
half  filled  with  water  from  any  defect  of  the  valves,  the  plunger 
meeting  the  water  at  half  stroke  would  produce  a  concussion  so 
violent  as  to  risk  breaking  some  of  the  machinery.  But  he  thought 
the  same  objection  applied  equally  to  the  Cornish  engine,  as  he  did 
not  see  what  there  was  to  restrain  the  violence  of  the  concussion 
except  the  water  itself  in  the  pump  barrel.  He  enquired  whether 
there  was  any  special  self-acting  arrangement  in  connexion  with  the 
equihbrium  valve  for  partially .  closing  the  valve  and  wiredrawing 
the  steam  in  the  event  of  the  plunger  missing  its  stroke  or  the  first 
portion  of  its  stroke. 

Mr.  Howe  replied  that  there  was  no  arrangement  for  closing  the 
equilibrium  valve  in  case  of  the  engine  ever  g^ing  out  of  doors  at  an 
excessive  speed ;  but  the  valve  itself  was  of  small  area,  and  would, 
thereby  have  some  effect  in  checking  though  not  entirely  preventing 
too  rapid  an  outdoor  stroke.  In  crank  pumping  engines  he  had 
seen  many  serioTis  breakages  of  the  machinery  in  consequence  of 
the  plunger  missing  the  first  part  of  its  stroke  and  then  suddenly 
meeting  the  water  in  the  pump ;  and  in  such  engines  the  danger  of 
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inJTiry  from  the  concnssion  was  heightened  by  the  drcmnstance  that 

ibe  force  of  the  concnssion  arose  not  merely  from  the  momentum  of 

the  moving  parts,  but  was  farther  increased  by  the  engine  power,  in 

ooBBequence  of  the  steam  contrnning  to  act  in  the  cylinders,  so  that 

the  plnnger  was  driven  down  upon  the  water  by  the  foil  power 

of  the  engine.     In  the  Cornish  engine  on  the  other  hand,  while  the 

ooncoBsion  was  no  donbt  eqnaUy  severe  as  far  as  it  arose  from  the 

momentom  of  the  plnnger  and  pnmp  rods,  it  was   not  forther 

augmented  by  any  engine  power,  as  the  pnmp  rods  made  the  down 

stroke  by  their  own  weight  alone,  without  any  aid  from  the  steam. 

Moreover  as  the  HabiHty  of  a  valve  to  stick  once  during  any  period 

of  time  was  in  proportion  to  the  number  of  tunes  it  had  to  open  and 

shut  in  that  time,  there  would  be  greater  risk  of  such  concussions 

in  the  pumps  with  a  rotary  pumping  engine  running  quick  than 

with  a  large  Cornish  engine  making  a  smaller  number  of  strokes. 

Mr.  F.  J.  Bbamwell  concurred  in  the  greater  risk  of  a  valve 
sticking  in  a  large  number  of  short  strokes  as  compared  with  a  few 
long  strokes,  since  of  course  the  oftener  it  had  to  open,  the  greater 
-was  the  risk  of  its  sticking.  But  in  other  respects  he  did  not  see 
that  the  Cornish  engine  possessed  the  advantage  which  had  been 
attributed  to  it  over  a  rotary  engine  with  crank  and  flywheel,  and 
thought  on  the  contrary  the  advantage  was  on  the  other  side.  In 
the  Cornish  engine  there  was  certainly  nothing  else  beyond  the 
momentum  of  the  pump  rods  and  plunger  to  produce  a  concussion 
^when  the  plunger  met  t^e  water  at  half  stroke;  but  then,  in 
consequence  of  the  massiveness  and  weight  of  those  parts  in  a 
Cornish  engine,  their  momentum  was  far  in  excess  of  that  in  a 
crank  engine:  and  though  in  the  latter  engine  the  steam  was 
continuing  to  exert  its  force  in  the  cyhnder  during  the  stroke  of  the 
pump,  yet  the  addition  of  the  heavy  flywheel  completely  controlled 
the  speed  of  the  engine,  and  prevented  it  from  running  ofl*  instantly 
if  ever  the  pump  missed  the  beginning  of  its  stroke ;  whereas  in  the 
Cornish  engine,  as  soon  as  the  equilibrium  valve  was  once  opened, 
the  engine  immediately  went  off  unrestrained  in  the  outdoor  stroke, 
without  any  provision  for  checking  its  motion  in  the  event  of  an 
accident.     He  therefore  thought  the  concussion  produced  by  such 


Digitized  by  VjOOQ  IC 


264  CLAT  OBOSS  PUHPINa  BNaiNB. 

an  aooident  wotild  be  &r  greater  in  the  ConuBh  engine  than  in 
a  rotary  pumping  engine  witli  crank  and  flywh^eeL 

Mr.  E.  A.  CowpiB  enquired  what  was  the  reason  why  double- 
beat  valves  were  not  employed  in  place  of  the  clack  valves  in  the 
pumps  of  the  engine  described  in  the  paper.  Double-beat  valves 
were  used  he  observed  for  the  steam  cylinder,  and  they  were 
almost  universally  adopted  in  Cornish  engines  where  it  was  desired 
to  work  the  steam  to  a  good  degree  of  expansion. 

Mr.  HowB  replied  that  the  clack  valves  in  the  pumps  had  been 
fkdopted  because  they  were  so  simple  in  construction,  and  because 
there  were  not  such  skilled  mechanics  to  be  had  at  collieries  as 
at  waterworks  for  keeping  the  valves  of  the  pump  work  in  order. 
The  simple  clack  valves  in  the  pxunps  had  been  fouad  to  work 
remarkably  well,  and  stood  the  work  well,  as  they  had  not  been 
looked  at  now  for  f  year  since  the  pumps  were  first  started.  The 
concussion  produced  by  the  valve  lids  closing  was  very  slight^  and 
scarcely  perceptible  except  when  the  engine  was  worked  at  a  high 
speed ;  it  was  most  apparent  at  the  end  of  the  indoor  stroke  of  the 
engine,  when  the  suction  valves  in  the  pumps  were  closing  previous 
to  the  down  stroke  of  the  plunger. 

Mr.  E.  A.  GowPEB  observed  that  such  valves  were  certainly  not 
suitable  for  any  high  speed  of  working,  on  account  of  the  violent 
concussion  they  would  then  produce  in  closing ;  but  in  the  engine 
now  described  the  degree  of  expansion  of  the  steam  was  so  limited 
that  he  thought  it  could  scarcely  be  regarded  as  a  Gomish  engine, 
but  rather  as  an  example  of  the  early  Boulton  and  Watt  style 
of  engine.  In  the  present  instance  however  there  was  probably  no 
particular  need  for  economy  in  the  consumption  of  coal ;  and  this 
seemed  to  be  the  case  from  the  boilers  being  of  the  plain  cylindrical 
form,  ii^tead  of  Gomish  boilers  with  an  internal  flue. 

Mr.  J.  Febkib  behoved  the  single-beat  pump  valves  were 
generally  adopted  for  collieries  on  account  of  the  dirty  water  to 
be  pumped,  while  the  double-beat  valves  were  confined  to  water- 
works where  the  water  was  clear. 

Mr.  J.  B.  Wabhah  said  that  was  the  cose,  and  no  doubt  the 
double-beat  valves  were  the  best;   but  in  ooUieriea  there  was  so 
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much  dirt  and  sand  mixed  with  the  water  in  the  process  of  sinking, 
aD  of  which  had  to  pass  throngh  the  pump  ralyes,  that  donble-beai 
yalves  would  involve  too  much  trouble  and  expense  in  keeping  them 
in  working  oorder. 

Mr.  £.  A.  CowPEB  enquired  whether  a  sufficient  degree  of 
Yaoimm  was  obtained  in  the  condenser  in  regular  work ;  he  thought 
the  vacuuna  would  be  produced  more  quicklj  and  efficiently  if  the 
hijection  water  were  admitted  in  a  thinner  stream  and  more  divided 
fixnn,  by  means  of  a  conical  injection  valve  throwing  a  thin  conical 
sheet  of  water  violently  against  the  sides  of  the  condenser,  so  as  to 
prooemt  a  greater  extent  of  cooling  surfiide  for  oondensing  the  steam 
rapidly. 

Mr.  Hows  replied  that  at  the  usual  working  speed  of  not  more 
than  fi>ur  strokes  per  minute  •the  vacuum  in  the  condenser  was 
\2\  lbs. ;  but  in  running  at  a  higher  speed,  about  five  strokes  per 
minute,  the  injection  was  found  rather  deficient,  and  had  therefore 
subsequently  been  increased.  The  injection  opening  was  so  placed 
as  to  throw  the  water  against  the  opposite  side  of  the  condenser, 
in  order  to  make  the  water  splash  and  expose  a  greater  surface  to 
the  steam. 

The  Ohaibhan  asked  what  had  been  the  extra  cost  of  the 
wrought  iron  engine  beam  as  compared  with  a  cast  iron  beam  of 
the  same  size. 

Mr.  Hows  replied  that  at  the  time  of  originally  designing  the 
engine  it  was  intended  to  have  a  cast  iron  beam,  but  just  then  the. 
Hartley  accident  occurred,  and  it  was  therefore  determined  to  adopt 
a  wrought  iron  beam ;  and  the  extra  cost  of  the  present  wrought 
iron  beaam  had  been  £480  above  that  of  a  cast  iron  beam  for  the 
aame  engine. 

Mr.  J.  Febnib  had  had  an  opportunity  of  seeing  the  engiae  at 
work  at  Clay  Cross  Colliery,  and  had  been  greatly  pleased  with  the 
excellent  workmanship  and  ample  strength  of  all  its  parts  and  the 
rahstantial  nature  of  the  pump  gear.  The  great  feature  was  certainly 
the  large  wrought  iron  beam,  made  of  two  very  strong  wrought 
iron  slabs  rolled  solid  throughout  their  entire  length  of  86  feet, 
and  7  feteit  wide  in  the  centre.     There  had  been  other  designs  also 
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for  wronglit  iron  engine  beams  since  the  Hartley  accident,  and 
lie  innderstood  a  large  wrought  iron  beam  was  now  being  made  at 
Wednesbxuy  of  thin  plates  rivetted  together. 

The  Chairmak  said  the  wrought  iron  beam  in  process  of 
construction  at  his  own  works  at  Wednesbuiy  was  being  made 
of  a  number  of  plates  rivetted  together,  simply  as  a  cheaper  mode 
of  constxniction  than  the  use  of  solid-rolled  massive  slabs  of  the 
large  size  required.  The  rivetted  beam  would  of  course  not  be  so 
solid  and  not  quite  so  strong  for  the  same  thickness  as  the  solid- 
rolled  beam  at  Clay  Cross^;  but  its  strength  might  be  made  up  to 
the  required  amount  by  adding  a  sufficient  number  of  thicknesses 
of  plates.  The  total  length  of  the  rivetted  beam  was  28  feet,  and 
the  depth  in  the  centre  4  feet ;  it  was  composed  of  two  slabs,  each 
made  up  of  three  plates  of  J  inch  thickness  rivetted  together,  making 
a  total  thickness  of  2^  inches  for  each  slab.  He  enquired  what  had 
been  the  total  cost  of  the  Clay  Cross  pumping  engine  without  the 
boilers  or  pumps. 

Mr.  Howe  replied  the  total  cost  of  the  engine  alone,  including 
the  wrought  iron  beam,  but  without  the  boilers,  engine  house,  or 
pumps,  was  £3130;  and  including  the  boilers,  engine  house,  and 
chimney,  the  total  cost  was  under  £5000.  The  pumps  and  pump 
rods  cost  about  £2500  extra. 

The  Chairman  asked  how  the  joints  of  the  rising  main  in  the 
pumps  were  found  to  stand  in  work ;  and  what  means  was  provided 
for  descending  the  pump  shaft  to  examine  the  valves  and  pack  the 
glands. 

Mr.  Howe  replied  that  he  had  found  the  whole  of  the  joints  of 
the  rising  main  stood  perfectly  water-tight  in  work;  the  construction 
of  the  joints  was  very  simple,  having  merely  the  turned  wrought 
iron  ring  wrapped  round  with  tarred  flannel  inserted  between  the 
turned  bearing  faces  of  the  joint.  For  examining  the  valves  and 
packing  the  glands  a  small  separate  winding  engine  was  provided, 
for  ascending  and  descending  the  shaft  by  means  of  a  bucket, 
independent  of  the  pumping  engine. 

Mr.  J.  Fernib  exhibited  a  new  construction  of  indicator  of 
American  invention   (Richards'),  with  which  he  had  taken  the 
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diagrams  fixnn  the  Clay  Cross  engine.  It  had  a  much  shorter 
stroke  than  the  ordinary  indicator,  with  a  proportionately  stronger 
spring,  and  the  motion  was  multiplied  by  the  long  arm  of  a  very 
light  lever  carrying  the  pencil,  which  was  made  to  move  in  a 
straight  line  by  means  of  a  light  parallel  motion ;  the  movement  of 
the  pencil  was  more  steady  and  free  from  jumping,  in  consequence 
of  the  diminution  of  speed  of  piston  from  the  shortness  of  stroke 
and  the  greater  strength  of  the  spring,  and  the  figures  obtained 
showed  a  very  clear  and  steady  line. 

Mr.  E.  A.  CowPER  had  no  doubt  such  an  indicator  would  work 
steadily ;  he  had  many  years  ago  designed  such  a  one,  and 
Mr.  Gk>och  made  one  on  the  same  principle,  with  which  steady 
diagrams  had  been  obtained  from  locomotives  on  the  Great  Western 
Baihray  runxiing  up  to  a  speed  of  more  than  60  miles  an  hour. 

Mr.  F.  W.  Webb  said  he  had  used  the  Bichards'  indicator  for 
taking  diagrams  from  the  "  Lady  of  the  Lake "  outside  cylinder 
express  locomotive  on  the  London  and  North  Western  Railway,  the 
engine  shown  in  the  International  Exhibition  of  1862 ;  and  the 
diagrams  obtained  with  it  were  perfectly  steady  up  to  65  miles  an 
hour.  By  having  a  second  barrel  for  the  paper,  so  as  to  change 
the  paper  quickly,  as  many  as  three  dozen  diagrams  had  been 
taken  with  the  indicator  from  that  engine  in  40  minutes  time, 
in  running  the  25  miles  from  Crewe  to  Stafford. 

The  Chaibman  proposed  a  vote  of  thanks  to  Mr.  Howe  for  his 
pi^>er,  which  was  passed. 


The  following  paper  was  then  read: — 
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ON  THE 

PROCESSES  AOT)  MECHANICAL  APPLIANCES 

m  THE  MANUFACTURE  OF  POLISHED  SHEET  GLASS. 


By  Me.  RIOHABD  PILKINGTON,  Jxnx.,  Of  St.  Helen's. 


The  mannfacttire  of  British  Sheet  Glass  was  introduced  into 
England  about  the  year  1832  by  Messrs.  Chance  Brothers  of 
Birmingham.  Since  then  it  has  become  generally  nsed,  having 
almost  superseded  crown  glass,  in  consequence  of  the  comparatiTe 
ease  of  obtaining  the  large  squares  at  present  required  for  windows, 
and  the  absence  of  wave  lines  by  which  the  vision  is  so  much 
distorted  in  crown  glass.  The  average  size  of  sheet  glass  is  40  inches 
by  30  inches,  but  if  required  it  can  be  made  much  larger ;  whilst 
with  crown  glass  it  is  almost  impossible  to  procure  a  sqoare  as 
large  as  34  inches  by  22  inches.  Sheet  glass  when  used  for  windows 
has  generally  a  peculiar  appearance  when  viewed  from  the  outnde 
of  a  building,  on  account  of  the  unevenness  of  its  sur&ce,  an 
eyesore  partially  obviated  by  the  improved  method  of  flattening, 
but  entirely  removed  when  the  glass  is  ])olished.  When  polished 
it  is  known  by  the  name  of  patent  plate,  to  distinguish  it  from 
British  plate.  This  i)olished  sheet  plate  has  a  decided  preference 
over  British  plate,  being  harder  and  more  difficult  to  scratoh, 
besides  taking  a  higher  polish ;  it  is  also  cheaper. 

The  manufacture  of  polished  sheet  glass  consists  of  the  three 
following  processes: — Ist,  melting  and  blowing;  2nd,  flattening; 
and  3rd,  polishing. 

1.  Mdtmg  wnd  Blowing. — Two  frimaces  are  required,  one  for 
melting  the  materials  or  ''frit,"  and  the  other  for  reheating  the 
metal  whilst  blowing  it  into  a  cylindrical  form.  The  melting 
furnace  is  a  reverberatory  famace,  arranged  for  maint>aining  a  high 
temperature  with  great  uniformity  and  freedom  from  dust  or  other 
impurities  arising  from  the  fuel.    The  frimace,  an  eight-pot  one,  is 
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shown  in  Figs.  1  and  2,  Plate  80.  There  are  four  '^gathering 
holes"  or  "  working  holes  "  A  A  on  each  side  of  the  iRimace,  as 
shown  in  the  side  elevation  Fig.  2,  each  of  the  eight  pots  B  haying 
a  working  hole.  The  temporary  brickwork  C  beneath  each  working 
hole  can  be  removed  when  required,  either  to  turn  a  pot  or  whilst 
fixing  a  new  one.  A  raised  bed  D  extends  the  entire  length  of  the 
fnmace,  upon  which  the  pots  are  placed  on  each  side  of  the  firegrate. 
The  fir^rrate  E  extends  the  entire  length  of  the  ftimace,  with  the 
exception  of  a  space  of  about  4  feet  length,  and  is  fed  from  each 
end  of  the  furnace.  The  air  is  supplied  through  the  underground 
passage  F  entering  from  the  open  air;  and  by  means  of  closely 
fitting  doors  the  draught  is  regulated  with  great  nicety. 

Formerly  it  was  considered  necessary  to  use  stone  for  the 
melting  fioLmaces,  but  at  the  present  time  large  bricks  made  of  best 
fireclay  have  a  decided  preference.  These  firebricks  vary  in  weight 
from  a  few  lbs.  to  several  cwts. ;  they  are  all  made  in  moulds,  dried, 
partially  burnt,  accurately  dressed  to  templates,  and  built  into  the 
fbmace,  the  whole  being  firmly  secured  by  cast  and  wrought  iron 
binders,  as  shown  in  Figs.  1  and  2,  Plate  80.  A  small  fire  is  lighted 
upon  the  firegrate  and  gradually  increased,  first  to  dry  the  furnace 
and  afterwards  to  bake  it :  great  care  and  attention  are  given  to  this 
operation,  for  upon  it  depends  the  duration  of  the  furnace.  After 
being  beiked,  the  ftimace  receives  its  number  of  pots,  generally  four 
or  five  on  each  side  of  the  firegrate,  in  all  eight  or  ten  pots. 

The  TnauufkcttLre  of  these  pots  is  a  matter  of  special  importance, 
and  they  are  made  of  the  veiy  best  Stourbridge  fireclay,  which 
when  thoroughly  tempered  is  formed  into  rolls  of  about  1  lb.  weight 
each,  and  worked  layer  upon  layer  into  a  solid  mass,  free  from 
cavities  containing  air,  and  making  a  pot  of  about  4  feet  height 
inside,  5  feet  diameter  at  top  and  about  4^  feet  diameter  at  bottom 
inside,  weighing  when  dried  about  25  cwts.,  and  containing  about 
22  cwts.  of  melted  metal.  Great  care  is  requisite  to  prevent  any 
particles  of  foreign  matter  or  dirt  from  getting  into  the  clay ;  for  if 
that  were  to  happen  the  pot  would  not  last  its  time,  but  would  most 
likely  give  way  when  first  heated  to  the  working  temperature.  The 
average  duration  of  a  pot  is  about  eight  weeks,  and  their  estimated 
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value  about  £9  each.  After  being  made,  a  pot  reanabis  in  tlie  i 
room  for  a  year,  the  temperature  being  maaniained  at  60®  Fahr., 
and  it  is  then  removed  to  a  warmer  room,  where  it  remains  in  s 
temperature  of  90^  until  it  is  wanted.  When  required  for  use  it  is 
taken  to  the  *'  pot  arch  "  to  be  ba<ked,  where  the  heat  is  gradually 
increased  to  that  of  the  melting  furnace,  to  which  it  is  cowreyed 
whilst  red-hot  as  quickly  as  possible  by  means  of  a  carriage  or 
a  crowbar  on  wheels,  and  placed  on  one  side  of  the  firegrate :  this 
operation  is  repeated  until  all  the  pots  are  fixed  in  the  meiUaiig 
furnace.  The  fdmaoe  ends  are  now  closed,  with  the  exception  of 
the  firehole  at  each  end.  A  small  portion  of  '^  cnllet "  or  broken 
glass  is  put  iuto  each  pot,  and  when  melted  is  ladled  so  as  to  run 
down  over  the  interior  suribce  of  each  pot,  after  which  the  heat 
is  increased  for  a  short  time.  The  pots  are  thereby  glazed  and  are 
now  ready  to  receive  the  material  to  be  melted. 

The  quantity  of  raw  material  or  '^  Mt "  allotted  to  each  pot  ia 
filled  into  it  in  three  or  four  charges,  allowing  a  sufficient  interval 
of  time  to  elapse  between  each  charge  to  ensure  the  previous  one 
being  melted.  About  sixteen  hours  of  intense  heat  are  required  to 
melt  the  entire  quantity,  during  which  time  the  fluid  metal  boils 
violently,  and  before  it  can  be  worked  requires  cooling,  which  takes 
about  eight  hours.  Whilst  cooling,  the  small  bubbles  of  air  arising 
from  the  boiling  of  the  metal  ascend  and  pass  away,  leaving  the 
metal  clear,  excepting  the  sur&ce  which  is  coated  with  impniitiea 
from  the  frit,  from  the  roof  of  the  frimace,  and  from  the  dust  of  the 
friel,  all  of  which  mxist  be  removed  before  commencing  work. 
Inside  each  pot  and  floating  upon  the  sur&ce  of  the  metal  ia  an 
annular  ring  made  of  fireclay  2  iuches  thick,  having  an  internal 
diameter  of  18  inches ;  this  inner  space  of  18  inches  diamet4ff  is 
cleaned,  instead  of  the  entire  sur&ce  of  the  metal,  thereby  saving 
both  time  and  material.  The  cleaning  or  skimming  is  perfiumed 
by  means  of  a  light  iron  rod,  chisel  ])ointed,  which  being  wanned 
the  metaJ  adheres  to  it ;  and  this  process  is  repeated  whenever  any 
impurities  are  perceived  upon  the  snr&oe  of  the  metal. 

The  Burfisioe  of  the  melted  metal  being  cleaned,  the  workman 
dips  into  it  the  blow-pipe,  Fig.  8,  Plate  81,  having  previously 
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warmed  tlie  nose  end  of  the  pipe.  Withdrawing  2  or  3  lbs.  of  the 
metal,  he  allows  it  to  cool  to  a  doll  red,  and  then  dips  the  pipe 
again;  ooUecting  by  degrees  in  this  way,  as  shown  in  Fig.  4,  a 
sufficient  qnantity  to  produce  a  given  sized  sheet  of  glass,  which  on 
the  average  wonld  weigh  about  20  lbs.  Then  while  cooling  the  pipe 
he  continually  turns  it  round,  drawing  it  towards  himself,  and  in  so 
doing  forces  the  metal  beyond  the  nose  end  of  the  pipe  by  means  of 
the  forked  rest  in  which  the  pipe  revolves,  as  shown  in  Fig.  5, 
leaving  as  little  metal  as  possible  upon  the  pipe.  The  blower  now 
takes  the  pipe  and  places  the  red-hot  mass  in  a  hollowed  wooden 
block  upon  the  ground.  Fig.  6,  keeping  the  pipe  in  a  horizontal 
position  whilst  revolving  it,  thereby  producing  a  soHd  cylindrical 
mass  of  metal.  During  this  process  his  assistant  allows  a  fine 
stream  of  cold  water  to  run  into  the  block  from  a  sponge,  keeping 
die  wood  from  being  burnt  and  giving  a  brilliant  sur&ce  to  the 
giaas.  He  next  raises  the  pipe  to  an  angle  of  about  75%  and  blows 
nnlal  he  has  produced  a  hollow  pear-shaped  mass.  Fig.  7,  with  its 
largest  diameter  the  same  as  that  of  the  finished  cylinder.  During 
this  operation  his  assistant  keeps  the  block  wet,  and  a  second  block 
18  generally  used  when  commencing  the  blowing. 

The  glass  now  requires  reheating,  which  is  done  at  a  furnace 
bnilt  of  ordinary  brickwork  in  an  oblong  form,  its  dimensions 
being  determined  by  the  number  of  blowers  intended  to  work 
at  it,  generally  four  five  or  six  at  each  side.  The  ground  at  each 
side  of  this  fiimace  is  excavated  to  a  depth  of  about  7  feet,  a 
width  of  about  16  feet,  and  the  same  length  as  the  furnace ;  and 
over  each  of  these  spaces  four  five  or  six  wooden  stages  are 
erected  at  distances  of  about  2  feet  apart.  Having  reheated  the 
glass,  the  blower  repeatedly  blows  to  maintain  the  cylinder  of 
equal  diameter  throughout,  whilst  lengthening  it  by  swinging  it 
backwards  and  forwards  in  the  2  feet  space,  and  occasionally 
swinging  it  round  over  his  head ;  xmtil  a  cylindrical  piece  of  glass  is 
produced,  Fig.  8,  about  11  inches  diameter  and  about  50  inches 
long,  closed  at  one  end  and  having  the  blow-pipe  attached  to  the  other 
end.  The  blower  first  opens  the  closed  end  as  follows :.  enclosing 
as  much  air  as  possible  within  the  cylinder,  and  stopping  the 


Digitized  by  VjOOQ  IC 


272  POLISHED   SHEET  GLASS. 

mouth-piece  of  tlie  pipe  with  his  hand,  he  exposes  the  end  of 
the  cylinder  to  the  heat  of  the  fnmace,  which  whilst  softening  the 
glass  at  the  end  expands  the  contained  air  to  such  an  extent  that  a 
small  hole  is  burst  in  the  glass,  as  in  Fig.  9,  Plate  82.  This  hole  is 
flashed  open  hy  revolving  the  pipe  quickly,  and  when  flashed  the  end 
of  the  cylinder  is  withdrawn  out  of  the  furnace ;  and  by  keeping 
the  pipe  in  a  vertical  position  for  a  few  seconds  the  metal  cools 
sufficiently  to  keep  its  shape.  The  cylinder  is  then  placed  upon  a 
wooden  trestle,  and  by  touching  with  a  piece  of  cold  iron  the  pear- 
shaped  neck  near  the  pipe  nose  at  G  in  Fig.  9  a  crack  is  formed, 
which  is  continued  round  the  neck  by  gently  striking  the  blow-pipe, 
and  thus  the  pipe  is  released,  as  seen  in  Fig.  10. 

The  cylinder  has  now  one  end  of  fiill  diameter,  but  the  other  is 
contracted  to  about  3  inches  diameter.  Fig.  10,  Plate  82,  and  must 
therefore  be  cut  off.  This  is  accomplished  as  follows :  the  cylinder 
having  becoxne  cold  whilst  remaining  on  the  trestle,  the  workman 
collects  a  small  portion  of  metal  upon  the  end  of  an  iron  rod  and 
draws  it  into  a  thread  of  glass  about  |  inch  diameter  by  means  of 
a  pair  of  pinchers.  This  thread  he  passes  round  the  body  of  the 
cylinder  at  HH  in  Fig.  10,  and  after  it  has  remained  on  a  few 
moments  the  pinchers  dipped  in  cold  water  are  applied  to  the  heated 
part,  and  the  sudden  contraction  causes  the  end  to  fly  off  with  a 
sharp  report,  leaving  the  cylinder  about  45  inches  long  and  11  inches 
diameter. 

2.  FhMenvug, — To  produce  a  flat  sheet  of  glass  firom  the 
cylinder  thus  obtained  forms  the  second  process  of  the  manufacture. 
The  flattening  is  acomplished  as  follows.  The  end  of  the  cylindar 
that  was  flashed  being  slightly  contracted  in  diameter  and  tlie 
thickness  of  metal  much  reduced,  it  is  flrst  necessary  to  cut  off 
about  2  inches  length  from  that  end :  for  this  purpose  the  cylinder 
is  supported  in  a  vertical  position  by  means  of  a  cradle,  as  shown 
in  Fig.  11,  Plate  82,  over  a  small  horizontal  table ;  the  bottom  edge 
of  the  cylinder  is  introduced  between  the  jaws  of  the  small  cutting 
instrument  I,  and  the  moveable  jaw  carrying  the  cutting  diamond  is 
pressed  by  a  spring  against  the  interior  sur&ce  of  the  cylinder ; 
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then  by  gently  pushing  the  instnunent  forwards  round  the  cylinder, 
allowing  it  to  ran  freely  npon  its  wheels,  the  end  of  the  cylinder 
18  cut  off  perfectly  true.  The  cylinder  then  requires  splitting 
longitadinally,  which  is  accomplished  by  placing  it  in  a  horizontal 
position  in  a  wooden  cradle,  as  shown  in  ¥ig.  12,  and  a  diamond 
fixed  in  the  cleft  of  a  stick  at  J  is  drawn  along  inside  the  cylinder 
firam  end  to  end,  guided  by  the  straight  edge  K,  a  gentle  pressure 
being  exerted  on  the  glass  in  opposite  directions  at  the  diamond 
cut  to  complete  the  splitting. 

The  cylinder  is  now  taken  to  the  flattening  kiln.  Fig.  13, 
Plate  83,  which  consists  of  two  ^imaces  bnilt  together,  the  first  L 
for  flattening,  and  the  other  M  for  annealing,  the  former  being 
maintained  at  a  much  higher  temperature  than  the  latter.  A 
portion  of  the  bottom  of  the  flattening  kiln  L,  slightly  larger 
than  the  largest  sheet  of  glass  to  be  flattened,  is  supported  npon 
a  carriage  'N,  which  with  the  flattened  sheet  is  made  to  travel  into 
the  anuealing  kiln  M,  this  plan  being  a  very  great  improvement  over 
the  old  method  of  pushing  the  flattened  sheet  whilst  in  a  soft  state. 
The  moveable  bed  N  is  either  of  clay  or  stone,  and  by  careful  work 
is  made  as  true  as  possible ;  upon  this  a  sheet  of  glass  is  first 
flattened  and  left  there  to  flatten  others  upon,  in  order  to  obtain 
sheet  glass  with  as  true  a  sur&ce  as  possible.  The  split  cylind^  to 
be  flattened  is  gradually  introduced  into  the  flattening  kiln,  being 
placed  first  at  0  *and  then  at  P,  and  when  sufficiently  warmed  is 
placed  upon  the  glass  bed  N  with  its  split  side  uppermost ;  the  heat 
soon  softens  it,  so  that  with  a  slight  assistance  from  the  workman 
it  lies  down  nearly  flat  on  the  bed  N,  and  the  sheet  is  afterwards 
caiefnlly  rubbed  as  flat  as  possible  with  a  piece  of  wood  fixed  to  the 
end  of  an  iron  rod.  The  moveable  bed  N  is  now  pushed  forwards 
into  the  annealing  kiln  M,  as  shown  by  the  dotted  Hues,  and 
after  placing  another  cylinder  to  warm  at  0  and  P  the  workman 
removes  the  flattened  sheet  from  the  carriage  N  by  means  of  a  tool 
Hke  a  fork,  and  places  it  upon  a  prepared  part  of  the  floor  of  the 
aTmeating  kiln  M,  to  stiffen  previous  to  piling  it.  The  carriage  N 
is  now  returned  to  the  flattening  kiln  L,  and  the  flattening  operation 
repeated  tUl  the  carriage  again  appears  in  the  annealing  kiln  M. 
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The  previoTiBly  flattened  sheet  is  first  piled  on  its  end  against  one 
side  of  the  Idln  at  B,  and  then  the  last  flattened  sheet  is  reanored  off 
the  carriage  N,  and  left  to  cool  on  the  floor  of  the  annealing  kiln 
like  the  previons  sheet.  This  flattening  process  is  continued  nntil 
the  annealing  kiln  M  is  filled,  when  it  is  closed  up  and  allowed  to 
cool,  generally  from  24  to  36  hours,  the  time  being  regulated  by  the 
thickness  of  the  glass.  On  the  completion  of  the  cooling,  the  kiln  M 
is  opened  and  the  sheets  of  glass  are  taken  to  the  warehouse,  where 
they  are  sorted  to  suit  various  purposes,  a  veiy  large  portion  being 
packed  and  sent  away  without  undergoing  any  fiirther  process. 

3.  Folishmg. — The  sheets  intended  to  be  polished  are  now 
selected,  and  pass  through  the  third  process  of  the  manufiictnre  to 
produce  Polished  Sheet  Plate.  Two  processes  are  necessary  for 
this  purpose,  smoothing  and  polishing. 

Smoothing  consists  in  working  two  sheets  of  glass  one  upon 
the  other  by  hand  with  emery  and  water  between  them,  and  as  their 
sur&ces  become  obscured  finer  and  finer  emery  is  used  until  the 
surfiK^es  are  smoothed  free  from  all  defects.  The  apparatus  used 
consists  of  a  wooden  bench,  one  half  of  which  is  6  inches  hi^er 
than  the  other ;  upon  the  former  is  placed  a  slab  of  slate  aboat 
1^  inch  thick,  larger  than  the  sheet  of  glass,  having  as  true  a 
surface  as  possible.  Upon  this  slab  a  sheet  of  g)ass  is  laid,  with 
a  piece  of  wet  calico  between  the  surfaces  ot  the  glass  and  the 
slab;  by  exerting  a  gentle  pressure  upon  the  glass  the  air  is 
ezpeUed  from  between  them,  and  the  sheet  of  glass  is  consequently 
held  down  upon  the  slab  by  the  whole  atmospheric  pressure 
upon  its  surface,  which  holds  it  so  firmly  that  when  the  sheets 
have  to  be  raised  from  the  slab  many  are  broken  even  by 
experienced  workmen.  The  wet  csJico  is  used  in  this  case  instearl 
of  plaster  of  pans  for  bedding  the  sheet  of  glass  upon  the  table. 
In  consequence  of  the  close  adhesion  caused  by  the  atmospheric 
pressure  when  the  surfaces  of  the  two  sheets  of  glass  get  so  true 
as  to  become  closely  in  contact,  it  is  impossible  to  work  two  large 
sheets  one  upon  the  other  with  the  finest  emeries,  and  it  therefore 
becomes  necessary  to  perform  the  latter  portion  of  the  robbing 
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process  'wdili  a  small  piece  of  glass,  say  about  10  inches  by 
5  inches,  nntQ  the  process  is  completed.  Both  sides  of  the  sheet 
of  glass  having  been  smoothed  in  this  maimer,  and  after  a  careful 
examination  foond  free  from  defect,  the  sheet  is  then  handed  over 
to  the  polishing  machine. 

The  perfection  of  the  smoothing  process  in  entirely  dependent 
npon  the  pniity  of  the  emery,  and  the  perfect  uniformity  of  the 
grain  in  each  snccessive  qnaJity  employed;  and  consequently  a 
▼ery  perfect  process  of  cleansing  and  sorting  the  emery  is  requisite. 
The  ordinary  ground  emery  contains,  besides  numerous  degrees  of 
fineness  of  grain,  many  impurities  which  must  be  removed,  and  the 
good  emery  must  also  be  accurately  sorted  into  portions  varying  in 
size  of  grain  from  coarse  to  the  finest.  For  every  degree  of  fineness 
a  separating  vessel  or  cylinder  is  required  ;  and  taking  No.  1  as  the 
ooanest  quality,  that  cylinder  is  made  the  smallest  in  the  series. 
No.  2  cylinder  about  twice  the  capacity  of  No.  1,  and  No.  8  twice 
the  capacity  of  No.  2,  and  so  on  throughout  the  required  number  of 
ojhnders.  The  emery  sorting  apparatus  is  shown  in  Fig.  14,  Plate  83, 
and  consists  of  the  required  number  of  cylinders  fixed  so  that 
No.  1  cylinder  is  about  8  inches  higher  than  No.  2,  and  No.  2 
the  same  height  above  No.  8,  and  so  on.  The  cyhnders  are  made 
of  copper,  and  inside  each  is  fixed  a  copper  frmnel  S,  long  enough 
to  reach  within  8  or  4  inches  of  the  bottom  of  the  cylinder ;  and  in 
the  bottom  of  the  cylinder  is  a  hole  closed  by  a  wooden  plug  or  a 
valve  T  of  about  8  or  4  inches  diameter,  which  is  held  up  by  the 
rod  and  spring  balance  U.  The  action  of  the  apparatus  is  as 
foDowB.  A  supply  of  water  being  maintained  by  the  cistern  Y,  a 
constant  stream  is  delivered  by  means  of  the  tap  W  into  the  funnel 
of  No.  1  cylinder ;  the  water  descends  through  this  funnel  to  the 
bottom  and  ascends  through  the  annular  space  to  the  top  of  the 
iTflinder,  whence  it  is  conveyed  by  the  spout  X  and  poured  down 
the  frmnel  of  No.  2  cylinder,  ascending  in  the  annular  space  of 
No.  2  and  passing  by  the  spout  to  No.  8  Amnel ;  this  is  repeated  as 
often  as  there  are  cylinders,  and  frx>m  the  last  and  largest  cylinder 
the  overflow  is  carried  to  a  drain.  When  the  stream  of  water  is 
nuuiing  through  all  the  cylinders  and  also  passing  away  at  the 
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overflow,  the  powdered  emery  to  be  cleansed  and  sorted  is  sprinkled 
into  the  ^innel  of  No.  1  cylinder,  and  this  is  continued  imtil 
enough  has  been  fed  to  flU  up  to  within  |  inch  of  the  bottom  of  the 
fdnnel :  No.  1  being  the  smallest  cylinder,  the  current  of  water 
through  it  will  be  the  &8test,  and  the  grains  of  emery  left  behind 
in  this  cyKnder  will  consequently  be  the  coarsest.  The  feeding  of 
the  emery  is  then  stopped  for  a  short  time,  and  the  stream  allowed 
to  continue  until  the  water  is  running  quite  clear  into  the  fonnel  of 
No.  2  cylinder :  the  valve  T  at  the  bottom  of  No.  1  cylinder  is  now 
opened,  allowing  the  emery  and  water  to  fall  into  a  vessel  placed 
beneath  to  receive  it ;  and  as  soon  as  the  stream  of  water  is  again 
running  through  all  the  cylinders  and  passing  away  at  the  overflow, 
more  emery  is  again  sprinkled  into  No.  1  fimnel.  The  succeeding 
cylinders  are  emptied  in  the  same  way,  as  they  respectively  become 
filled  with  the  finer  sorts  of  emeiy.  The  beauty  of  this  process  is 
the  simpUcity  of  apparatus  required  and  the  certainty  of  always 
obtaining  an  exact  repetition  of  the  several  degrees  of  fineness  in 
the  respective  cylinders.  It  will  be  observed  that,  in  consequence 
of  the  cylinders  increasing  successively  in  capacity,  the  current 
of  water  ascending  in  the  annxdar  spaces  decreases  in  velocity  in 
the  same  proportion  :  consequently  the  emery  deposited  in  each 
successive  cylinder  increases  in  fineness  over  that  deposited  in  the 
previous  one. 

For  the  final  process  of  polishing  the  sheets  of  glajss  after 
smoothing,  the  machine  used  is  the  same  as  that  described  at  a 
previous  meeting  for  poUshing  plate  glass,  (see  Proceedings  Inst. 
M,  E.,  1863,  page  213,  and  Figs.  4  and  5,  Plate  59.)  The  polishing 
benches  have  two  bars  carrying  the  polishing  blocks  and  working 
lengthways  backwards  and  forwards  over  the  table  on  which  the  sheet 
of  glass  is  laid,  which  is  made  to  travel  alternately  from  side  to  side 
transversely  to  the  bars.  The  polishing  blocks  are  worked  at  about 
sixty  double  strokes  per  minute,  and  the  bars  carrying  them  are 
supported  upon  rollers  at  a  height  of  6  or  8  inches  above  the  table. 
The  moving  table  is  worked  similarly  to  the  table  of  a  planing  machine, 
moving  one  way  quicker  than  the  other  by  a  reversing  motion 
similar  to  that  of  a  planing  machine  bed.    It  is  generally  considered 
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that  to  obtain  a  good  polished  surface  the  polishing  blocks  sbotdd 
not  pass  twice  in  succession  over  the  same  snr&ce.  Upon  the 
moving  table  are  &8tened  slabs  made  of  a  wooden  frame  covered 
with  slates,  npon  which  the  sheets  of  glass  to  be  polished  are  bedded 
in  plaster  of  paris.  After  one  side  has  been  polished,  the  glass  is 
taken  np  and  relaid,  and  the  other  side  polished.  The  polishing 
blocks  are  about  5  inches  square,  covered  with  felt  and  weighted 
with  about  84  lbs.  each.  The  red  liquor  used  in  polishing  is  red 
oxide  of  iron,  obtained  by  burning  sulphate  of  iron  in  a  reverberatory 
fomace  to  a  dark  red  when  cold,  and  it  is  then  ground  in  water 
to  the  finest  grain  possible.  The  cutting  grain  of  this  material 
is  about  the  hardest  and  finest  that  can  be  produced,  and  well  worth 
examination  by  the  microscope. 


Mr.  PiLKiNGTON  exhibited  a  series  of  specimens  from  the  St. 
Helen's  Crown  Sheet  and  Plate  Glass  Works,  illustrating  the  several 
stages  of  the  manufacture  and  the  materials  employed. 

The  Ghaibmak  observed  that  the  members  had  had  an  opportunity 
on  the  occasion  of  the  Liverpool  Meeting  of  seeing  the  manufacture 
of  plate  glass  at  the  Bavenhead  Works,  and  a  paper  on  the  subject 
had  been  read  on  that  occasion;  and  the  present  paper  gave  a 
corresponding  description  of  the  manufacture  of  poUshed  sheet  glass. 

Mr.  P.  RiGBT  observed  that  polished  sheet  glass  was  a  very 
superior  article  to  the  crown  glass  of  which  it  had  taken  the  place, 
and  required  more  care  in  the  final  polishing  process  in  order  to  get 
both  sides  of  the  glass  finished  to  the  same  degree  of  polish.  Much 
depepded  upon  the  correct  separation  of  the  emery  powder  into 
proper  gradations  of  fineness,  which  was  effected  by  the  successive 
cylinders  in  the  emery  washing  apparatus  being  made  in  correctly 
adjusted  progression  as  regarded  their  size.  Great  care  was  also 
needed  in  feeding  the  emery  powder  into  the  first  funnel,  so  as  not 
to  go  on  feeding  too  long,  otherwise  some  of  the  coarser  particles 
would  get  carried  over  by  the  current  of  water  into  the  next  cylinder 
along  with  the  finer  sorts.    The  time  of  polishing  the  sheets  of  glass 
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wafi  genevaUy  required,  in  his  own  ezperience  at  Messrs.  Ghanoe's 
works,  to  be  longer  for  the  side  first  polislied,  because  when  the 
plate  was  turned  over  for  polishing  the  second  side,  the  first  snr&oe 
became  slightly  dulled  by  being  laid  in  the  plaster ;  and  he  enquired 
whether  in  the  specimens  exhibited  of  polished  glass  the  time  of 
polishing  had  been  equal  for  both  sides  or  longer  for  the  first  side. 

Mr.  PiLKmQTON  replied  that  it  took  about  nine  hours  on  an 
ayerage  to  polish  each  side  of  a  sheet  of  glass,  but  there  was  no 
fixed  time  for  the  process,  the  polishing  being  continued  until  the 
sur&ce  of  the  glass  was  brought  up  to  the  requisite  brightness ;  and 
he  had  not  found  that  it  afterwards  became  dulled  at  all  by  being 
laid  in  plaster  for  polishing  the  other  side,  the  plaster  having  no 
sensible  effect  on  the  brightness  of  the  surface.  Even  in  what  was 
called  the  rough  state  however,  before  smoothing  or  poHshing,  sheet 
glass  was  quite  equal  in  appearance  to  ordinaay  crown  glass ;  while 
the  finest  and  thinnest  sort  of  polished  glass,  of  which  a  sample 
was  shown,  was  that  made  for  the  use  of  photographare  and  for 
fraipaing  fine  engravings.  The  emery  sorting  apparatus  was  found 
in  practice  to  divide  the  different  sizes  of  emery  with  extreme 
accuracy  into  the  respective  cylinders,  as  was  proved  by  examining 
with  a  microscope  the  several  degrees  of  fineness. 

Mr.  J.  E.  Clift  enquired  whether  the  rubbers  had  to  be  r^noved 
^t  ii],tervals  during  the  polishing  process,  in  order  to  examine  the 
i^ur&ce  of  the  glass. 

Mr.  PUiKiNGTON  replied  that  was  not  necessary,  as  the  rubbers 
travelled  far  enough  at  each  stroke  to  expose  the  whole  sur£Bu» 
to  view,  and  tlie  workman  examined  the  degree  of  polish  of  the 
Bur&ce  by  holding  a  lighted  candle  near  it  while  the  glass  was  stiU 
lying  on  the  sl^b  of  the  miachine.  The  process  was  stopped  as  soon 
as  the  glass  appeared  sufficiently  polished. 

Mr.  1^.  J.  Bramwell  observed  that  if  it  were  the  fact  that  the 
surface  of  the  glass  became  at  all  dulled  by  being  laid  in  plaster,  and 
if  it  were  attempted  to  compensate  for  this  by  polishing  the  first 
side  longer  than  the  second,  the  result  must  be  that  both  sides 
would  be  defective  in  polishing,  the  second  side  not  being  finished 
to  a  greater  degree  of  polish  than  the  first  side  would  have  after 
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lying  in  the  plaster.  The  smoothing  and  polishmg  procesBes  here 
employed  were  indeed  identical  with  those  in  the  manufaotnie  of 
plate  glass ;  but  the  latter  required  a  preliminary  process  of  grinding, 
on  account  of  the  unevenness  of  its  surface  on  leaving  the  annealing 
OFsn,  whereas  the  blown  sheet  glass  had  its  sur&oe  sufficiently  even 
to  allow  of  its  being  laid  at  once  on  the  smoothing  machine  without 
having  undergone  grinding.  The  emery  sorting  apparatus  was  the 
same  that  was  used  in  plate  glass  machinery,  and  he  did  not  think 
a  more  perfect  plan  could  be  devised  for  separating  the  several 
degrees  of  fineness;  the  principle  was  the  simplest  possible,  the 
different  sized  x)artiole8  being  accurately  sorted  according  to  the 
velocity  of  the  current  of  water  in  the  successive  cylinders,  just  in  the 
same  manner  as  a  river  discharging  itself  into  a  lake  deposited  the 
heavier  portions  of  its  detritus  at  the  entrance  and  carried  the  lighter 
matters  further  out  into  the  body  of  the  lake.  A  similar  method 
had  formerly  been  employed  in  the  preparation  of  beaver  for  the 
mauu&ctore  of  hats,  the  hairs  being  separated  from  the  beaver  by  a 
cament  of  wind  just  sufficient  to  float  the  beaver ;  this  according]^ 
deposited  the  hairs  at  a  near  point  but  carried  the  beaver  to  a 
greater  distance.  In  grinding  the  emery  the  old  plan  had  been  to 
grind  it  dry  under  edge  runners,  and  as  there  was  no  provision  for 
removing  the  particles  as  &st  as  they  were  ground,  the  consequence 
had  been  that  some  portions  were  over*ground  and  impeded  the 
grinding  action  of  the  machine  upon  the  portions  that  still  required 
grinding :  now  however  by  grinding  the  emery  wet,  with  a  stream 
of  water  constantly  carrying  off  the  particles  as  soon  as  they  were 
ground,  the  machine  was  kept  continually  cleared  and  was  enabled 
to  grind  in  two  days  as  much  emeiy  as  it  had  previously  ground  in 
six.  The  principle  of  the  stream  of  water  was  the  same  as  that  of 
the  air  blast  used  in  millstones  to  remove  the  flour  from  between 
them,  and  in  the  Americem  rice-husking  machines  for  blowing  away 
the  husk  of  the  rice  grains  as  soon  as  it  was  broken  up  fine  enough 
to  be  so  removed. 

The  Chaibmak  enquired  whether  any  improved  mode  of-  laying 
and  lifting  the  plates  of  glass  on  the  machines  had  been  devised,  in 
order  to  diminish  the  risk  of  breaking  the  glass ;  he  thought  there 
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seemed  room  for  improyement  in  that  respect,  for  at  present  the 
loss  bj  breakage  of  the  glass  in  haTidling  was  very  great. 

Mr.  PiLmKGTON  was  not  aware  of  any  improyement  haying  been 
made  in  that  respect,  though  it  was  certainly  much  needed. 

Mr.  E.  A.  GowFEB  obseryed  that  for  smoothing  the  sheets  of 
glass,  instead  of  the  process  being  performed  by  hand  as  deseribed 
in  the  paper,  a  machine  was  employed  at  Messrs.  Chance's  works, 
in  which  the  smoothing  action  was  produced  by  a  link  motion  like 
the  parallel  motion  of  beam  engines,  the  upper  sheet  of  glass  not 
workrug  right  round  upon  the  lower,  but  passing  oyer  it  in  a 
curviHnear  course  with  a  figure  of  8  moyement.  The  melting 
ftimace  shown  in  the  drawing  appeared  to  be  the  ordinary  form 
of  fttmace  used  for  glass  melting,  preyious  to  the  introduction  of 
Mr.  Siemens'  regeneratiye  gas  Aimace.  In  the  construction  of  the 
old  ^imace  one  practical  difficulty  arose  from  the  "tears"  or 
droppings  of  dirt  from  the  brickwork  forming  the  roof  of  the 
ftimace,  which  dropped  into  the  glass  melting  pots  and  damaged  the 
glass ;  this  was  now  obyiated  by  setting  the  lower  rows  of  bricks 
each  a  little  in  adyance  of  the  upper,  so  as  to  present  a  slight  step 
inside  the  fttmace,  which  preyented  the  "tears"  from  dropping 
aud  caused  them  to  run  down  the  sides  of  the  ftLmace  instead. 
The  use  of  a  current  of  air  for  separating  fine  substances,  to  which 
reference  had  been  made j  was  also  adopted  in  the  process  of  grinding 
sulphur  for  yulcanising  purposes,  the  sulphur  being  ground  down 
to  the  condition  of  an  impalpable  powder  which  was  carried  away 
by  the  air  into  a  proper  receptable. 

Mr.  P.'BiGBY  remarked  that  the  smoothing  machine  used  at 
Messrs.  Chance's  works  had  been  adopted  for  giying  the  smoothness 
of  polished  plate  glass  to  sheet  glass,  as  that  was  now  required 
for  many  purposes  and  particularly  by  photographers;  but  hand 
smoothing  neyer  made  the  surface  quite  so  smootii  and  uniform  as 
was  done  by  the  machine. 

The  Chairman  proposed  a  yote  of  thanks  to  Mr.  PiUdngton  for 
his  paper,  which  was  passed. 


The  Moeting  then  terminated. 
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Fig.l.     Phw    of 
Cmvposivg     Morhhif. 


Fig.  3.     StcUonal       View. 
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Figl*.      Transverse     Se^A?7v     of  MilUnff    Mackaie.. 
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PEOCEBDINGS. 

28  Januabt,  1864. 


The  SEYEinxsNTH  AioniAL  Qenbbal  Mekting  of  the  Members  was 
held  at  the  house  of  the  Institiition,  NewhaJl  Street,  Birmingham, 
on  Thursday,  28th  Januarj,  1864 ;  Bobebt  Napieb,  Esq.,  President, 
in  the  Chair. 

The  Minutes  of  the  last  Qeneral  Meeting  were  read  and  confirmed. 

The  Secretaiy  then  read  the  following 

AOTTUAL  BEPOBT  OF  THE  COUIICIL. 

1864. 

The  Council  hare  great  pleasnre,  on  this  the  Seventeenth 
Anniyersary  of  the  Institution,  in  congratulating  the  Members  on 
the  very  satisfiuHiory  progress  and  prosperous  condition  of  the 
Institution. 

The  Financial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  81st  December,  1863,  shows  a  balance  in  the  Treasurer's 
bands  of  £2365  IBs,  lOd.  after  the  payment  of  the  accounts  due  to 
that  date.  The  Finance  Committee  have  examined  and  checked 
the  receipts  and  payments  of  the  Institution  for  the  last  year  1863, 
and  report  that  the  following  balance  sheet  rendered  by  the  Treasurer 
18  correct.     (See  Balwnce  Sheet  ajfpended.) 

The  Council  report  with  great  satis&ction  the  continued  increase 
in  the  number  of  Members  that  has  taken  place  during  the  past 
year ;  the  total  number  of  Members  of  all  classes  for  the  year  being 
540,  of  whom  24  are  Honorary  Members,  and  3  are  Graduates, 
being  an  effeddTe  increase  of  43  during  the  year. 
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2  ANNUAL  BXPOBT. 

The  following  deceases  of  Members  of  the  Institntioii  liaye 
occurred  during  the  past  year  1863 : — 

William  Baonall,        ....  Westbromwich. 

Albxandee  Brodis  Gochranb,         .  Dudley. 

John  Fasmbe, Dadley. 

Javbs  Fenton, Low  Hoor. 

Joshua  Field, Lcmdon. 

Benjamin  Gibbons,  Jun.,  Birmingham. 

Bbnjamin  Goodtellow,  .  Hyde. 

William  Watson  Hewttson,    .  Leeds. 

The  Conncil  have  particular  pleasure  in  acknowledging  the 
receipt  of  the  handsome  donation  of  Fifty  pounds  to  the  funds  of 
the  Institution  from  the  President;  and  also  in  expressing  their 
thanks  to  the  Donors  of  the  yaluable  and  acceptable  additions  that 
hare  been  presented  to  the  Library  during  the  past  year.  The 
Council  wish  to  urge  on  the  attention  of  the  Members  the  important 
advantage  of  obtaining  a  good  collection  of  Engineering  Books, 
Drawings,  and  Models  in  the  Institution,  for  the  purpose  of  reference 
by  the  Members  personally  or  by  correspondence;  and  they  trust 
this  desirable  object  will  be  promoted  by  the  Members  generally, 
BO  that  by  their  united  aid  it  may  be  efficiently  aocomplished. 
Members  are  requested  to  present  copies  of  thdr  works  to  the 
Library  of  the  Institution. 

LIST  OF  DONATIONS  TO  THE  MBRABY. 

DrawiBg  of  the  Engines  of  the  Frigate  "  Hector/'  by  Bobert  Napier  and  Sons; 

from  the  President. 
OfBoial  ninstrated  Catalogue  of  the  International  Exhibition  of  1868 ;  from  the 

Commissioners. 
Hills  and  Millwork,  by  William  Fairbaim ;  frvim  the  author. 
Beport  on  the  Snes  Canal,  by  John  Hawkshaw ;  from  the  author. 
On  the  Boiling  of  Ships,  by  William  Fronde ;  from  the  aothor. 
On  the  Change  of  Form  of  Wrooght  Iron  in  Heating  and  Cooling,  by  Lt-CoL 

Clerk,  B.A. ;  from  the  author. 
On  the  Density  of  Steam,  by  William  Fairbaim ;  from  the  anthor. 
On  the  Expansion  of  Superheated  Steam,  by  William  Fairbaim ;  from  the  asthor. 
On  the  Constraction  of  Marine  Steam  Boilers,  by  Charies  Wye  ^Hlliamsj  from 

the  anthor. 
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On  a  stew  theory  of  the  Generation  of  Steam,  hj  B.  J.  Beed;  from  Mr.  G.  Wye 

Williams. 
Anoceedings  of  the  Institntion  of  Civil  Engineers ;  from  the  Institution. 
Beport  of  the  British  Association  for  the  Advancement  of  Sbienoe ;  from  the 

Association. 
Atxseedings  of  the  Bojal  Institntion  of  Great  Britain ;  firom  the  Institution. 
Proceedings  of  the  French  Institntion  of  Civil  Engineers ;  from  the  Institution. 
Jofomal  of  the  Architect  and  Engineer's  Society  for  the  kingdom  of  Hannover ; 

from  thfi  Sooieiy. 
Journal  of  the  Board  of  Arts  and  Manufactures  for  Upper  Canada;  fipom  the 

Boazd. 
Beport  of  the  United  States  Patent  Office ;  firom  the  Commissioners. 
Journal  of  the  Boyal  United  Service  Institutioii ;  from  the  Institution. 
Transactions  of  the  Institution  of  Engineen  in  Scotland ;  from  the  Institution. 
Ptooeedings  of  the  South  Wales  Institute  of  Engineers ;  fi:om  the  Institute. 
Beport  of  the  Manchester  Association  for  the  Prevention  of   Steam  Boiler- 

Ezploeions ;  finom  the  Association. 
Transactions  of  the  Boyal  Scottish  Society  of  Aits ;  from  the  Society. 
Beport  of  the  Boyal  Cornwall  Polytechnic  Society;  fi:om  the  Society. 
Jornnal  of  the  Society  of  Arts ;  fi:om  the  Society. 
The  Engineer ;  from  the  Editor. 
The  Mechanics'  Magazine ;  firom  the  Editor. 
The  Civil  Engineer  and  Architect's  Journal ;  from  the  Editor^ 
The  London  Journal  of  Aits ;  firom  the  Editor. 
The  Artisan  Journal;  team  the  Editor. 
The  Praotioal  Mechanic's  Journal;  finom  the  Editor. 
The  Mining  Journal;  tram  the  Editor. 
The  Baaway  Becord;  fipom  the  Editor. 
The  Steam  Shipping  Journal ;  firom  the  Editor. 

Photograph  of  Locomotive  for  Swedish  Bailway ;  firom  Mr.  John  Manning. 
^>ecim6ns  of  Malleable  Cast  Iron ;  from  the  President. 

The  Coimcil  Laye  great  satis&ction  in  referring  to  the  nnmber 
of  Papers  that  have  been  bronght  before  the  meetings  during  the 
past  year,  and  the  practical  valne  and  interest  of  many  of  the 
coiDinmiications  and  the  discussions  that  took  place  upon  them, 
which  form  a  valuable  addition  to  the  Proceedings  of  the  Institution. 
The  Council  request  the  special  attention  of  the  Members  to  the 
importance  of  their  aid  and  co-operation  in  carrying  out  the  objects 
of  the  Institution  and  maintaining  its  adyanced  position,  by 
contributing  papers  on  Engineering  subjects  that  have  come  under 
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their  obserration,  and  commimicatmg  tlie  particulars  and  resiilts  of 
executed  works  and  practical  experiments  that  maj  be  serviceable 
and  interesting  to  the  Members;  and  they  invite  communications 
npon  the  snbjects  in  the  list  appended,  and  other  subjects 
advantageous  to  the  Institution. 

The  following  Papers  have  been  read  at  the  meetings  during  the 
last  year : — 

On  the  Apparatns  used  for  Sinking  Fiers  for  iron  railway  bridges  in  India ;  bj 

Mr.  Joseph  F.  Strong,  of  Allahabad. 
On  a  Tyx>®  Composing  and  Distributing  Machine ;  by  Mr.  WiUiam  H.  Mxtchd,  of 

London. 
On  the  Constmction  of  Drawing  Boilers  for  Spinning  Machinery ;  by  Mr.  WiUiam 

Weild,  oIf  Manchester. 
On  the  Locomotive  Engines  in  the  Litemational  Exhibition  of  18G2;  by  Mr. 

Daniel  K.  Clark,  of  London. 
On  the  Construction  of  Iron  Ships ;  by  Mr.  John  Yemon,  of  Liveipool. 
On  the  Effects  of  Surface  Condensers  on  Steam  Boilers ;  by  Mr.  James  Jade,  of 

Lireipool. 
On  the  Mechanical  Features  of  the  Liverpool  Water  Works;  by  Mr.  Thomas 

Duncan,  of  Liverpool. 
On  the  Mechanical  Ventilation  and  Wanning  of  St.  George's  Hall,  Liverpool;  by 

Mr.  William  Mackenzie,  of  Liverpool. 
On  Machinery  for  the  Manufacture  of  Plate  Glass ;  by  Mr.  George  H.  Daglish,  of 

St.  Helen's. 
Description  of  the  new  Iron  Works  at  Grosmont ;  by  Mr.  Hiram  C.  ConltluHrd, 

of  Blackburn. 
Description  of  the  Cornish  Pumping  Engine  with  Wrought  Iron  Beam  and  the 

Pit  Work  at  Clay  Cross  Colliery  j  by  Mr.  William  Howe,  of  Clay  Cross. 
On  the  Processes  and  Mechanical  appliances  in  the  manufacture  of  Fdisifaed 

Sheet  Glass;  by  Mr.  Bichard  PiUdngton,  Jun.,  of  St.  Helen's. 

The  Conncil  hare  much  pleasure  in  referring  to  the  great  snccees 
and  interest  of  the  AriTinal  Proyincial  Meeting  of  the  Institution 
held  in  Liverpool  last  snnmier,  and  in  expressing  their  special 
thanks  to  the  Local  Committee  and  the  Honorary  Local  Secretazji 
Mr.  William  Stubbs,  for  the  excellent  reception  that  was  giyen  to 
the  Members  of  the  Institution  on  that  occasion ;  and  also  to  the 
authorities  of  the  London  and  North  Western  Boilway  Company  for 
the  free  special  train  for  the  ezcnrsions,  and  the  Crmard  Company 
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Ibr  the  free  special  Bteamer  for  yiditing  the  docks  and  other  works 
on  the  river;  and  to  the  proprietors  of  the  works  that  were  so 
liberallj  thrown  open  to  the  inspection  of  the  Members,  for  the 
Taloable  opportnnitj  afforded  to  the  Members  for  seeing  their 
works,  and  for  so  hospitably  entertaining  the  Members  on  the 
occasion.  The  Council  look  forward  with  mnch  confidence  to  the 
important  advantages  arising  from  the  continuance  of  these  Meetings 
in  different  parts  of  the  country,  from  the  fitcilities  afforded  by  them 
for  the  personal  commnnication  of  the  Members  in  different  districts 
of  the  country,  and  the  opportunities  of  visiting  the  important 
Engineering  Works  that  are  so  liberally  thrown  open  to  their 
inspection  on  those  occasions. 

The  President,  Vice-Presidents,  and  five  of  the  Members  of  the 
Ck>uncil  in  rotation,  will  go  out  of  office  this  day,  according  to  the 
Tolee  of  the  Institution ;  and  the  ballot  will  be  taken  at  the  present 
annual  meeting  for  the  election  of  the  Officers  and  Council  for  the 
ensuing  year. 


SUBJECTS  FOB  PAPERS. 

Stiax  Ekoikb  Boilxbs,  particulars  of  ocmstraction — ^form  and  extent  of  heating 
tRirfiMW — ^relatiye  Tslae  of  radiant  snrfaoe  in  e£fect  and  economy— cost — 
coosomption  of  ftael— evaporation  of  water — ^pressure  of  steam — density  and 
beat  of  steam — superheated  steam,  simple  or  mixed  with  common  steam — 
pressure  gauges — safety  valves — ^water  gauges — explosion  of  boilers,  and 
means  of  prevention — effects  of  heat  on  the  metal  of  boilers,  low  pressure 
and  high  pressure — steel  boilers — cast  iron  boilers — ^incrustation  of  boilers, 
and  means  of  prevention— effects  of  snrfaoe  condensers  on  the  metal  of 
boilers — evaporative  power  and  economy  of  different  kinds  of  ftael,  coal, 
wood,  charcoal,  peat,  patent  coal,  and  coke — ^moveable  grates,  and  smoke- 
consuming  apparatus,  facts  to  show  the  best  plan,  and  results  of  working — 
plana  for  heating  feed  water — ^mode  of  feeding — circulation  of  water. 

Btkak  Ekoikes— expansive  force  of  steam,  and  best  means  of  using  it — power 
obtained  by  various  plans — comparison  of  double  and  single  cylinder 
engines— combined  engines— compound  cylinder  engines — comparative 
advantages  of  direct-acting  and  beam  engines— engines  for  manufacturing 
pnrposes—horizoiital    and    vertical— condensing    and    non-condensing — 
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injeofckm  and  snrfieuM  oondenaera — airpmapfl — govemon — ▼aWeS'-beaiii^^ 
Ac. — ^improyed  expansion  gear — ^indicator  diagrams  from  engines,  with 
details  of  nsefnl  effect,  consumption  of  ftiel,  Ac — oontribations  of  indicator 
diagrams  for  reference  in  the  Institution. 
PnifPiKo  Engines,  particulars  of  yarioas  oonstractions — Cornish  engines,  beam 
engines  with  crank  and  flywheel,  direct-acting  engines  with  and  without 
flywheel — size  of  steam  cylinder  and  degree  of  expansion — ^number  and  size 
of  pmnps,  and  strokes  per  minute — speed  of  piston — ^preesnre  upon  pomp — 
effective  horse  power  and  dnty — comparison  of  doable-acting  and  single- 
acting  pumping  engmes — oonstmction  of  pumps — plunger  pumps — backet 
pumps — ^pcu:ticular  details  of  different  valves — ^india-rubber  valves,  durability 
and  results  of  working — diagrams  of  lift  of  valves — application  of  pumps — 
fen-drainiug  engines — comparative  advantages  of  scoop  wheels  and  oentri- 
fogal  pumps,  lifting  trough,  &c, — details  of  pit  work  of  pumping  engines  at 


Blast  Enoinbs,  beet  kind  of  engine — size  of  steam  cylinder,  strokes  per  mimte, 
and  horse  power — details  of  boilers — size  of  blowing  cylinder,  and  strokes  per 
minute— pressure  of  blast,  and  means  of  r^^ation— construction  of  valves 
— ^improvements  in  blast  cylinders — ^rotary  blowing  machines — indicatnr 
diagrams  tram  air  main  and  steam  cylinder. 

Majuns  Engines,  power  of  engines  in  proportion  to  tonnage — different  con- 
structions of  engines,  double  cylinder  engmes,  trunk  engines — use  of  steam 
jackets — dynamical  effect  compared  with  indicator  diagrams— comparative 
economy  and  durability  of  different  boilers,  tubular  boilers,  flat-flue  boikn, 
Ac — ^brine  pumps,  and  means  of  preventing  deposit — salinometera — ^weight 
of  machinery  and  boilers — ^kind  of  paddle  wheels — speed  obtained  in  Britiah 
war  steamers,  in  British  merchant  steamers,  and  in  Foreign  ditto,  with 
particulars  of  the  construction  of  engines  with  paddle  wheels,  Ac — screw 
propellers,  particulars  of  different  kinds,  improvements  in  fonn  and  positaon, 
number  of  arms,  material,  means  for  unshipping,  bearings,  horse  power 
applied,  speed  obtained,  section  of  vessel — governors  and  storm  govemon. 

BoTART  Engines,  particulars  of  construction  and  practical  application— details 
of  results  of  working. 

Locomotive  Engines,  particulars  of  construction,  details  of  experiments,  and 
results  of  working — consumption  of  fuel — ^use  of  coal  and  wood— - 
consumption  of  smoke — ^heating  surface,  length  and  diameter  of  tubes- 
material  of  tubes — experiments  on  size  of  tubes  and  blast  pii>e — construction 
of  pistons,  valve  gear,  expansion  gear,  Ac — indicator  diagrams — expenses 
of  working  and  repairs — means  of  supplying  water  to  tenders — locomotives 
for  steep  gradients  and  shaip  curves — distribution  of  weight  on  wheels. 

AoucuLTUBAL  ENGINES,  details  of  construction  and  results  of  working— duly 
obtained — application   of  machinery   and   steam  power   to  agricnUnnl 


Digitized  by  VjOOQ  IC 


8UBJXCT8  FOB  PAPSBS.  7 

porpoeea — bam  machineiy — afield  implements — ^traction  engines,  partionlars 
of  performanoe  and  cost  of  work  done. 

Calouc  Enoinbs — engines  woiked  by  Gas,  or  explodre  oompoonds — ^Electro- 
magnetic engines — particiilars  and  resDlts. 

Htdbaitlic  ENoiNSSy  particolars  of  application  and  working — ^pressnre  of 
water — oonstmotion  and  arrangem^it  of  yalves,  relief  valyee— constraction 
of  joints — ^hydraolio  rams. 

Wins  Whsils,  partionlars  of  oonstmotion  and  dimensions — ^form  and  deptb  of 
buckets — ^head  of  water,  velocity,  percentage  of  power  obtained-^tnrbines, 
oonstrootion  and  practical  application,  power  obtained,  oomparative  effect 
and  economy. 

WoTD  Kills,  particulars  of  construction — ^nmnber  of  sails,  smr&oe  and  form 
of  aaila — ^relooity,  and  power  obtained — average  number  of  days'  woi^  per 


Coin  Mills,  partionlars  of  improyements — power  employed — application  of 

steam  power — ^results  of  working  with  an  air  blast  and  ring  stones — 

omshing  by  rolls  before  grinding — advantages  of  regularity  of  motion. 
8uoAB  Mills,  particnlars  of  oonstraction  and  working — ^results  of  application 

of  the  hydraulic  press  in  place  of  rolls — application  of  steam  and  water 

for  extracting  the  last  portion  of  saccharine  matter — oonstmotion  and 

working  of  eivaporating  pans. 
Oa  MuLS,  tBueta  relating  to  oonstraction  and  working,  by  stampers,  by  screw 

presses,  and  by  hydranlio  presses — ^particulars  of  crashing  rollers  and  edge 

stones. 
Cotton  Mills,  information  respecting  the  oonstmotion  and  airangement  of  the 

machineiy — ^power  employed,  and  application  of  power — cotton  presses, 

mode  of  oonstmotion  and  working,  power  employed — ^improvements  in 

spuming,  oarding,  and  winding  machinery,  &c. 
CAUco^PRiimiro  and  Blsachino  Machikbkt,  particnlars  of  improvements. 
Wool  MAcmirBKT,  carding,  combing,  roving,  spinning,  Ac. 
Flax  Machikbat,  mannfaotnre  of  flax  and  other  fibrous  materials,  both  in  the 

natural  length  of  staple  and  when  cut. 
Bon-MAKiiro    Machinbbt — ^hemp     and    wire   ropes,    comparative   strength, 

durability,  and  cost — steel  wire  ropes. 
Saw  Mills,  particulars  of  construction — ^mode  of  driving— power  employed — 

particulars  of  work  done— best  speeds  for  vertical  and  circular  saws — form 

of  saw  teeth — saw  mills  for  cutting  ship  timbers — ^veneer  saws— endless 

handsaws. 
WooD-WoBKiKo   Machines,   mortioing,   planing,   rounding,   and  sur&dng — 

copying  machinery. 
Glass  Machinbet— mannftcture  of  plate  and  sheet  glass — oonstmotion  of 

heating  ftmaoeSi  annealing  kilns,  Ac. — grinding  and  polishing  machineiy. 
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Lathbs,  Flamino,  Boring,  Deillino,  and  Sloitinq  Machines,  kc,  portaoiilan 

of  improvemeniB— description  of  new  Belf-acting  tools— en^pneen^  toofe— 

files  and  file-cntting  maobinery. 
BoLLiNo  Mills,  improvements  in  machinery  for  TnalriTig  iron  and  steel— iiM)d0 

of  applying  power — jiae  of  steam  hammers — ^piling  of  iron — plates— 6ncj 

sections — arrangement  and  speed  of  rolls — ^length  of  bar  rolled— mauufto- 

tnre  of  rolled  girders. 
Steax   Hajcmebs,    improvements   in   oonstniotion   and    application— fiiotiaD 

hammers — air  hammers. 
BiTErnNo,  PuNCHiNO,  AND  Sheauno  Machdtbs,  worked  by  steam  or  hydnnliG 

pressure— direct-acting  and  lever  machines— comparative  strength  of  djilkd 

and  pmxdied  plates — trivet-making  machines. 
Staxpino  and  Coinino  MACHiNSKr,  particcdars  of  improvements,  Ac 
Papes-Making  and  pAPEa-CrmNG  Machines,  new  materials  and  resdUs. 
Fkinting  Machines,  particulars  of  improvements,  Ac. — type  oon^xMmg  and 

distribnting  machines. 
Water  Pumps,  &cts  relating  to  the  best  oonstarnction,  means  of  woridng,  and 

application — ^velocity  of  piston — oonstniction,  lift,  and  ai«a  of  valves. 
Air  Pumps,  facts  relating  to  the  best  construction,  means  of  woridng,  and 

application— velocity  of  piston — constroction,  lift,  and  area  of  valves. 
Hydraulic  Presses,  ikcts  relating  to  the  best  oonstniction,  means  of  woikiDg, 

and  application— economical  limit  of  pressure. 

EOTART  AND  CENTRIFUGAL  PUMPS,  dittO  dittO  dittO. 

Fire  Engines,  hand  and  steam,  ditto  ditto  dittc 

Sluices  and  Sluice  Cocks,  worked  by  hand  or  hydraulic  power,  ditto. 

Cranes,  steam  cranes,  hydraulic  cranes,  pneomatic  cranes,  travelling  cnoeB. 

LiFis  for  raising  railway  wagons — hoists  for  warehouses — safety  apparatus. 

Toothed  Wheels,  best  oonstniction  and  form  of  teeth — resnlta  of  wockixig— 
power  transmitted — ^method  of  moulding — strength  of  iron  and  wood 
teeth. 

Driving  Bei/is  and  Straps,  best  make  and  material,  leather,  gntta  percha, 
vulcanised  india-mbber,  rope,  wire,  chain,  &c.— comparative  dorabOitj, 
and  resolts  of  working — ^power  communicated  by  certain  sizes — ^firictiaDal 
gearing,  construction  and  driving  power  obtained — friction  duiobss— 
shafting  and  couplings. 

Dynamometers,  construction,  application,  and  results  of  woridng. 

Decimal  Measurement — application  of  decimal  system  of  measurement  to 
mechanical  engineering  work— drawing  and  construction  of  machineiy, 
manu&otures,  &o.^<x>nstruction  of  measuring  instruments,  gauges,  Ac. 

Strength  of  Materials,  facts  relating  to  experiments,  and  general  details  of 
the  proof  of  girders,  Ac.— girders  of  cast  and  wrought  iron,  particalan 
of  different  oonstmotions,  and  ezperiments  on  them — ^roUed  girders— bat 
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fartOB  and  propartionfl  of  girders  for  dififerent  parpOBOB — ^best  miztuie  of 
metal — ^mixtures  of  wrought  iron  with  oast. 

DuBABiUTT  ov  TiiCBSB  of  yarioiu  kinds — ^best  plans  for  seafloniiig  and  pre- 
serring  timber  and  cordage — ^results  of  Tarions  {krooesses — oompaicdove 
durability  of  timber  in  different  situations — experiments  on  aotoal  strength 
of  timber. 

GoiBOSioif  OF  Mbtals  by  salt  and  fresh  water,  and  by  the  atmosphere,  Ac. — 
tactB  relating  to  corrosion,  and  best  means  of  prevention— means  of  keeping 
ships*  bottoms  dean — galvanic  action,  nature,  and  preventives. 

Allots  ot  Metals,  facts  relating  to  different  aUoys. 

FsicTKUf  OF  Various  Bodixs,  facts  relating  to  friction  under  ordinary  dream- 
stances — facts  on  increase  of  friction  by  rednotion  of  surface  in  contact — 
friction  of  iron,  brass,  copper,  tin,  wood,  Ac. — proportion  of  weight  to 
robbing  snr&oe— best  forms  of  jonznals,  and  construction  of  axlebozes — 
wood  bearings — ^water  azleboxes — ^inbrication,  best  materials,  means  of 
application,  and  results  of  practical  trials — best  plans  for  oil  tests — ^friction 
breaks. 

Uxfs  BooFB,  particulars  of  constmction  for  different  purposes— durability  in 
various  dimates  and  situations — comparative  cost,  weight,  and  durability — 
KmCB  for  slips  of  cast  iron,  wrought  iron,  timber,  &c. — ^best  construction, 
form,  and  materials — details  of  large  roofis,  and  cost. 

Vni-FBOOF  BuiLDiNOB,  particulars  of  construction — ^most  e£Bdent  plan—- results 
of  trials. 

Chixrxt  Stacks  of  large  size^— particulars,  form,  mode  of  building,  cheapest 
construction,  Ac. — ^foroe  of  draught,  and  temperature  of  current. 

Bucks,  mannfiaetur^  durability,  and  strength — ^hollow  bricks,  fire  bricks,  and 
fire  day — ^perforated  bricks,  cost  of  manu&cture,  and  advantages— dry  clay 
bricks — machines  fbr  brick  making — ^burning  of  bricks. 

Gab  WoiKs,  best  form,  size,  and  material  for  retorts — construction  of  retort 
ovena— quantity  and  quality  of  gas  from  different  coals — oil  gas,  cheapest 
mode  of  TnakiTig — ^watcT  gas,  Ac. — ^improvements  in  purifiers,  condensers, 
and  gaaholders — ^wet  and  dry  gas  meters — self-regulating  meters — ^pressure 
of  gas,  gas  exhauster — gas  pipes,  strength  and  durability,  and  construction 
of  joints — proportionate  diameter  and  length  of  gas  mains,  and  yelodty 
of  the  passage  of  gas— experiments  on  ditto,  and  on  the  friction  of  gaa 
in  mains,  and  loss  of  pressure. 

Waub  Works,  facts  relating  to  water  works — application  of  power,  and 
economy  of  working — ^proportionate  diameter  and  length  of  pipes— experi- 
ments on  the  discharge  of  water  tmm  pipes,  and  friction  through  pipes — 
strength  and  durability  of  pipes,  and  construction  of  joints — ^penetration 
of  fkost  in  different  climates — ^relative  advantages  of  stand  pipes  and  air 
vessels— water  meters,  construction  and  working. 
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Well  Sinkixg,  and  Artbsian  Wells,  tacta  relating  to— boring  toola, 
oonstraction  and  mode  of  UBing. 

Tunnelling  Machines,  parfcionlars  of  congtmction,  and  results  of  working. 

Coffee  Dams  and  Filing,  facts  relating  to  oonstraction — oast  iron  sheet  piling. 

PiEKS,  fixed  and  floating,  and  pontoons,  ditto  ditto 

Pile  Driving  Apparatus,  particnlars  of  improyements — ^nse  of  steam  power 
— ^particulars  of  working — ^weight  of  ram  and  height  of  fall,  total  nomber  of 
blows  required — ^yacuum  piles — compressed  air  system — screw  piles. 

Dredging  Machines,  particulars  of  improvements — application  of  dredging 
machines — ^power  required  and  work  done. 

Diving  Bells  and  Diving  Dresses,  facts  relating  to  the  best  oonstmotion. 

Lighthouses,  cast  iron  and  wrought  iron,  ditto  ditto 

Ships,  iron  and  wood— details  of  construction — ^lines,  tonnage,  ooet  per  ton- 
water  ballast — steel  masts  and  y-ards,  and  wire  rope  rigging — oomparatiTO 
strength  and  advantage  of  iron  and  wood  ships. 

Mining  Operations,  £a<;ts  relating  to  mining — ^modes  of  working  and  propor- 
tionate yield — ^means  of  ventilating  mines — ^use  of  ventilating  machinery- 
safety  lamps — ^lighting  mines  by  gas— drainage  of  mines — sinking  pita- 
mode  of  raising  materials — safety  guides — ^winding  machineiy — under- 
g^und  conveyance — stone  breaking  machines — ^mode  of  breaking,  pul- 
verising, and  sifting  various  descriptions  of  ores. 

Blastting,  facts  relating  to  blasting  under  water,  and  blasting  generally— use 
of  gun-cotton,  &o. — effects  produced  by  large  and  small  charges  of  powder- 
arrangement  of  charges. 

Blast  Furnaces — shape  and  size — consumption  of  fiiel — burden,  make,  and 
quality  of  metal — pressure  of  blast — ^horse  jwwer  required — economy  of 
working — ^improvements  in  manufacture  of  iron — comparative  results  of  hot 
and  cold  blast — ^increased  temperature  of  blast — construction  and  working 
of  hot  blast  ovens — pyrometers — construction  of  tuyeres — ^meana  and  results 
of  application  of  waste  gaa  fi*om  close-topped  and  open-topped  fumaoes— 
preparation  of  materiaJs  for  furnace  and  mode  of  charging. 

Puddling  Furnaces,  best  forms  and  construction — worked  with  coal,  char- 
coal, &c. — application  of  machinery  to  puddling. 

Heating  Furnaces,  best  construction — consumption  of  fuel,  and  heat  obtained. 

Converting  Furnaces,  construction  of  fomaces — ^manufacture  of  steel— 
casehardening,  <fec. — converting  materials  employed. 

Smiths'  Forges,  best  construction — size  and  material — ^power  of  blast— hot 
blast,  &c. — construction  of  tuyeres. 

Smiths'  Fans  and  Fans  generally,  best  construction,  form  of  blades,  Ac. — facts 
relating  to  power  employed  and  percentage  of  effect  produced — ^pressure  and 
quantity  of  air  discharged — size  and  construction  of  air  mains — ^medianical 
ventilation  and  warming  of  public  buildings. 
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Cou  AND  Charcoal,  particnlars  of  the  best  mode  of  malting,  and  constmction 

of  orens,  Ac. — open  coking,  mixtareB  of  coal  slack  and  other  materials — 

eraporatiye  power  of  different  varieties. 
Railways,   constmction  of  permanent    way — section  of  rails,  and    mode  of 

manii£Bu;tiire — ^mode    of   testing    rails — experiments    on    rails,    deflection, 

deterioration,  and  comparative  durability — material  and  form  of  sleepers, 

siie,  and  distances — improvements  in  chairs,  keys,  and  joint  fastenings — 

permanent  way  for  hot  climates. 
Switches  and  Grossinos,  particnlars  of  improvements,  and  results  of  working. 
Turntables,  particnlars  of  varions  constructions  and  improvements — engine 

turntables. 
Signals  for  stations  and  trains,  and  self-acting  signals. 
Electric  Telegraphs,  improvements  in  construction  and  insulation — coating 

of  wires — ^underground  and  submarine  cables — ^mode  of  laying. 
Railway  Carriages  and  Wagons,  details  of  construction — ^proportion  of  dead 

weight. 
BsEARS  for  carriages  and   wagons,   best    construction — self-acting   breaks — 

continuous  breaks. 
BuTFERs  for  carriages,  Ac,  and  station  buffers — different  constructions  and 

materials. 
Couplings  for  carriages  and  wagons — ^safety  couplings. 
Springs  for  carriages,   &c. — ^buffing,  bearing,   and  draw  springs — ^range,  and 

deflection  per  ton — particulars  of  different  constructions  and  materials,  and 

resolts  of  working. 
Railway  Wheels,  wrought  iron,  cast  iron,  and  wood — ^particulars  of  different 

oonstmctionB,  and  results  of  working — comparative  expense  and  durability 

— ^wrought  iron  and  steel  tyres,-  comparative  economy  and  results  of  working 

— ^mode  of  fixing  tyres — ^manufacture  of  solid  wrought  iron  wheels. 
Railway  Axles,  best  description,  form,  material,  and  mode  of  manufacture. 


The  Papers  are  to  be  written  in  the  third  person,  on  foolscap  paper,  on  one 
Bide  only  of  each  page,  leaving  a  clear  margin  of  an  inch  width  on  the  left  side. 
In  the  subjects  of  the  papers,  extracts  from  printed  publications  and  questions  of 
patent  right  or  priority  of  invention  are  not  admissible. 

The  Diagrams  to  be  on  a  lai^  scale  and  strongly  coloured,  so  as  to  be 
clearly  visible  to  the  meeting  at  the  time  of  reading  the  p^per.  Enlarged  details 
to  be  added  for  the  illustration  of  any  particular  portions,  drawn  full  size  or 
magnified,  with  the  different  parts  strongly  coloured  in  distinctive  colours. 
Several  explanatory  diagrams  drawn  roughly  to  a  large  scale  in  dark  pencil  lines 
and  strongly  coloured  are  preferable  to  a  few  small-scale  finished  drawings.  The 
icale  of  each  diagram  to  be  marked  upon  it. 
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MEMOIES 

OF  MSMBEBS  DECEASED  IN  1863. 


WiLLiAH  Bagnall  wa8  bom  at  Darlaaton,  Staffordshire,  on 
4tli  April  1797,  and  at  an  early  age  entered  the  ironworks  of  his 
&iher,  who  was  a  coal  and  iron  master  at  Westbromwich  and 
Tipton :  he  became  a  partner  in  the  works  in  1828,  together  with 
fionr  of  his  brothers,  and  took  an  active  part  in  the  practical 
nuuiagement.  In  1840  by  the  death  of  his  elder  brother  he  became 
the  semor  member  of  the  firm  of  Messrs.  John  Bagnall  and  Sons, 
haying  eztensiye  ironworks  and  colheries  in  South  Staffordshire,  the 
quality  of  the  iron  manu&ctured  being  known  as  the  I B  Crown 
brand:  he  also  took  great  interest  in  the  extensive  schools 
established  in  connection  with  their  works  for  the  workpeople  and 
their  families.  This  position  he  continued  to  hold  until  his 
death,  which  occuncd  suddenly,  after  only  a  few  hours'  ilhiess, 
at  his  residence  at  Handsworth  near  Birmingham,  on  12th  August 
1868,  at  the  age  of  sixty-six.  He  was  elected  a  Member  of  the 
Institution  in  184:8. 

Alexander  Bbodie  Goch&anb  was  bom  at  Dudley  on 
10th  February  1813,  and  at  the  age  of  seventeen  was  engaged  at 
Messrs.  Grazebrook's  collieries  and  ironworks  near  Dudley,  which 
were  then  under  the  management  of  his  father.  In  1838  he 
started  a  small  ironfoundry  at  Bilston  in  conjunction  with 
Mr.  John  Joseph  Bramah;  and  in  1840,  in  conjunction  with  his 
&ther  and  Mr.  Bramah,  commenced  the  Woodside  Iron  Works 
near  Dudley.  Upon  the  death  of  Mr.  BramsJi  the  late 
Mr.  Charles  Geach  became  his  partner,  and  afterwards  also  the 
late  Mr.  Archibald  Slate;  azid  he  subsequently  carried  on  these 
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works  in  conjtuiction  with  his  brother  and  son.  Amongst  the 
pnblic  works  there  execnted  were  the  castings  for  the  Exhibition 
building  of  1851,  the  Copenhagen  gas  and  water  works,  the  pipes 
for  the  Melbourne  water  works,  the  large  caisson  and  dock  gates 
for  the  Victoria  docks,  London,  and  several  large  iron  bridges, 
including  Westminster  Bridge,  the  Charing  Cross  Railway  bridges, 
and  the  Rochester  road  bridge  and  swing  bridge.  In  1853 
Mr.  Cochrane  also  entered  upon  large  undertakings  in  the  North 
of  England,  including  colHeries  in  Northumberland  and  Durham, 
and  the  Ormesby  Iron  Works  at  Middlesborough.  He  continued 
in  the  active  management  of  these  numerous  concerns  until 
prevented  by  serious  ill  health  some  years  before  his  death.  At 
the  Woodside  works  he  carried  out  successfdlly  the  appHcation 
of  coking  in  ovens  to  the  Staffordshire  slack,  and  read  a  paper 
before  the  Institution  in  May  1861  upon  the  nature  of  the  process 
and  the  results  obtained.  He  became  a  member  of  the  Institution 
in  1847,  the  year  of  its  commencement,  and  was  for  some  years 
before  his  death  a  Vice-President  of  the  Institution.  BKs  death 
took  place  on  28rd  June  1868,  after  a  long  and  severe  illness,  at 
his  residence,  Stourbridge,  in  the  fifty-first  year  of  his  age. 

John  Fabmeb  wsa  bom  on  22nd  January  1796  at  Ejngswinford 
near  Dudley,  and  his  first  situation  was  at  Messrs.  Heywood's 
ironworks  at  Brockmoor ;  from  whence,  on  the  opening  of  the 
Shut  End  Iron  Works  by  Messrs.  Bradley  and  Co.  in  1816,  he  was 
appointed  manager  of  these  works,  and  retained  that  position  to  the 
time  of  his  death,  which  took  place  on  22nd  August  1863,  in  the 
sixty-eighth  year  of  his  age.  He  was  elected  a  member  of  the 
Institution  in  1862. 

James  Fenton  was  bom  at  Dunkenny  in  Forfershire  on  29th 
August  1815 ;  and  after  leaving  the  Glasgfow  University  was 
apprenticed  as  a  mechanical  engineer  to  Messrs.  James  Cook  and  Co. 
of  Glasgow,  and  afterwards  as  a  civil  engineer  to  Mr.  Blackadder  of 
Glamis.  His  first  appointment  was  under  Mr.  Brunei  on  the  Great 
Westem  Railway  at  its  formation  in  June  1837;  after  which  he  wag 
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appointed  resident  engineer  and  locomotive  superintendent  on  tlie 
Manchester  and  Leeds  Railwaj  in  1841.  In  1845  he  became  acting 
engineer  of  the  Leeds  and  Thirsk  Eailway,  for  which  the  bill  had 
just  been  obtained ;  but  previous  to  the  completion  of  the  Hne  he 
undertook  in  1846  the  management  of  the  Railway  Foundry,  Leeds, 
where  the  weU-known  "Jenny  Lind"  class  of  locomotive  engines 
were  built  from  his  designs :  a  class  of  engine  which,  on  account  of 
its  simplicity  of  construction  combined  with  its  steadiness  at  a  high 
speed,  was  extensively  adopted  for  passenger  engines.  He  also 
constructed  and  launched  the  large  landing  stage  at  New  Holland 
for  the  steamboat  ferry  across  the  Humber  to  Hull.  In  1851  he  was 
appointed  consulting  engineer  to  the  Low  Moor  Iron  Company,  a 
position  which  he  retained  to  his  death.  He  was  elected  a  Member 
of  the  Institution  in  1847,  the  year  of  its  commencement,  and  took 
a  very  active  part  in  promoting  its  interests;  he  was  elected  a 
Vice-President  of  the  Institution  iq  1857  and  re-elected  in  each  year 
subsequent.  He  died  on  22nd  April  1863,  in  the  forty-eighth  year 
of  his  age,  at  Leamington,  where  he  had  for  some  time  resided  for 
the  benefit  of  his  health. 

Joshua  Field  was  bom  at  Hackney  in  1786,  his  father  being  an 
extensive  com  merchant.  After  leaving  school  in  1802  he  spent 
two  years  in  the  machinery  department  of  Portsmouth  dockyard, 
then  recently  commenced  under  the  superintendence  of  General 
Sir  Samuel  Bentham,  and  afterwards  a  year  in  the  Admiralty 
drawing  office  at  WhitehaJL  He  was  then  engaged  by  Mr.  Maudslay 
as  draughtsman  upon  the  block  machinery  invented  by  the  elder 
Bnmel,  which  was  then  in  course  of  construction  by  Mr.  Maudslay, 
with  whom  he  was  thus  brought  into  connection,  and  with  whom 
he  thenceforward  continued,  being  first  in  the  original  factory  in 
Margaret  Street,  Cavendish  Square,  which  was  removed  in  1810 
to  the  present  site  at  Lambeth,  where  he  became  a  partner  in  1822. 
Steam  navigation  having  been  introduced  about  1812,  he  was 
principally  engaged  in  the  manufacture  of  marine  engines,  first  for 
paddle-wheel  vessels  and  more  recently  for  the  large  screw  war 
steamers.    TTitiy  name  is  specially  connected  with  the  introduction  of 
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fitteam  nayigation,  and  with  brmgixig  to  its  present  state  of 
perfection  the  Marine  Engine,  in  the  improvement  of  which  he  took 
a  very  active  port,  from  the  early  10  horse  power  engines  of  the 
"  Richmond  "  and  "  Regent "  made  in  1815,  to  the  large  horizontal 
screw  engines  of  1850  nominal  horse  power  made  by  his  fiim  ia 
1862  for  the  iron-plated  frigate  "  Aginconrt."  He  became  a 
Member  of  the  Institntion  in  1862,  and  died  on  11th  Angost  1863 
at  the  age  of  seventy-six. 

.  Benjamin  Gibbons,  Jun.,  was  bom  on  20th  May  1815  at  Bedland 
near  Bristol,  and  was  the  youngest  son  of  the  late  William  Gibbons, 
who  was  largely  connected  with  the  iron  and  shipping  interests 
of  that  port.  He  commenced  business  in  the  South  Staffordshire 
iron  district  about  184^  by  developing  some  of  the  fire-clay  mines  at 
Sedgley,  and  about  1844  began  maJdng  the  cinder  pig  iron  for 
foundry  purposes  at  the  Corbyn's  Hall  Furnaces  near  Dudley,  and 
afterwards  continued  to  do  so  at  the  MiMeld  Furnaces.  He 
subsequently  carried  on  also  many  successful  mining  operataons 
both  in  Staffordshire  and  Derbyshire,  and  in  1856  established  the 
Soudley  Furnaces  in  the  Forest  of  Dean,  where  he  made  the 
Soudley  brand  of  pigs.  He  was  elected  a  Member  of  the 
Institution  in  1860;  and  died  at  his  residence,  Birmingham,  on 
3rd  September  1863,  at  the  age  of  forty-eight,  from  the  results  of  a 
slight  accident. 

Benjamin  Qoodfellow  was  bom  in  1811  at  Bainow  near 
Macclesfield,  and  began  to  work  in  a  silk  mill  at  the  age  of  fiiz 
years :  on  the  removal  of  his  parents  to  Hyde  near  Manchester,  he 
worked  at  the  Carrfield  Mills,  Floweryfield,  until  1838,  and  was 
ultimately  employed  there  as  a  mechanic  upon  the  various  machines 
used  in  spinning  and  weaving  cotton.  About  two  years  later  he 
established  works  of  his  own,  for  the  manu^GK^ure  of  the  steam- 
engine  piston  known  by  his  name,  and  for  general  engineering  work ; 
being  particularly  successM  in  his  arrangements  of  compound  steam 
engines  for  economising  friel,  which  have  been  largely  adopted  in 
the  cotton  manufacturing  districts.      He  was  one  of  the  original 
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members  of  the  Institiition  from  its  commencement  in  1847 ;  and 
died  on  29tli  April  1863  in  the  fifty-second  year  of  liis  age. 

William  Watson  Hbwitson  was  bom  at  Newcastlo-on-Tyne  in 
1815 ;  and  after  serving  his  time  at  Messrs.  Robert  Stephenson  and 
Co.'g  works  in  that  town  he  was  for  some  time  in  the  locomotiye 
shops  of  Messrs.  Fenton  Mnrraj  and  Jackson  at  Leeds.  From 
thence  he  went  to  the  locomotive  works  of  Messrs.  Eitson  and  Co. 
at  Leeds,  taking  the  position  of  manager  and  principal  draughtsman ; 
and  in  1842  he  became  a  member  of  that  firm,  and  continued  so 
until  his  death  on  7th  May  1863  at  the  age  of  forty-eight.  He  had 
made  the  locomotive  engine  his  special  study  from  his  first  connection 
with  business ;  and  during  the  last  two  years  of  his  life  rendered 
material  assistance  in  the  development  of  the  system  of  steam 
ploughing,  in  connection  with  Mr.  John  Fowler.  He  was  a  Member 
of  the  Institution  from  1848. 
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ANNUAL  BLEOTION. 


The  Chaibmak  oongratnlated  the  Members  npon  the  growing 
prosperity  of  the  Institation  and  the  veiy  satis&ctory  progress  it 
had  made  in  the  nmnber  of  Members  and  increase  of  funds,  and  in 
the  value  and  interest  of  the  papers  oommimicated :  he  moved  that 
the  Report  of  the  Connoil  be  received  and  adopted,  which  was 
passed. 

The  Chaibhan  aanonnoed  that  the  Ballot  lists  had  been  opened 
hj  the  Committee  appointed  for  the  purpose,  and  the  following 
Officers  and  Members  of  Gonncil  were  foond  to  be  duly  elected  for 
the  ensuing  year : — 


PRESIDENT. 


Robert  Napibb^ 


Glasgow. 


PAST-PRESIDENTS. 

Ex  officio  permcment  Members  of  Ooum^, 

Sm  WiLLUM  G.  Armstbono,     .  Newcastle-on-Tyne. 

Jahes  Kennedy,    .  Liverpool. 

John  Penn,       ....  London. 

Joseph  Whitworth,  Manchester. 


VICE-PRESIDENTS. 


Charles  F.  Beyer,  . 
Edward  A.  Cowper, 
Robert  Hawthorn,  . 
Sampson  Llotd, 
Henrt  Maudslat, 
John  Rahsbottoh, 

COUNCIL. 

Alexander  Allan,    . 
John  Anderson,    . 
Frederick  J.  Bramwell,  . 
Charles  Cochrane, 
Walter  Mat,  . 
C.  William  Siemens,    . 


Manchester. 

London. 

Newcastle-on-Tyne. 

Wednesbury. 

London. 

Crewe. 


Perth. 

Woolwich. 

London. 

Dudley. 

Birmingham. 

London. 
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Members  of  OotmcU 

Daniel  K.  CiiABK,    . 

London. 

WiLLLiM  Clay, 

Liverpool. 

John  Febnib,  . 

.    Leeds. 

Sis  Charles  Fox, 

London. 

George  Harrison,    . 

London. 

Thomas  Hawkslet, 

London. 

Edward  Humphrys, 

London. 

Edward  Jones, 

.     Wednesbnry. 

Charles  P.  Stewart,   . 

Manchester. 

19 


treasurer. 
Henry  Edmunds,  Binningham. 

secretary. 
William  P.  Marshall,  Birmingham. 


The  following  New  M^nbers  were  also  elected : — 

members. 

David  Campbell,     .  Liverpool. 

WiLLLiM  Thomas  Carrinoton,  London. 

Oeoroe  Heaton  Daqlish,  St.  Helen's. 

Charles  B.  Darby,  Wrexham. 

Edward  Henry  Foster,  .  Wednesbnry. 

Eliot  Howard,  London. 


The  following  paper  was  then  read  :- 
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DESCRIPTION  OF  A 

MACHINE  FOR  BREAKING  LIMESTONE  AND  ORE 

AT  KIRKLESS  HALL  IRON  WORKS. 


By  Mb.  JOHN  LANCASTEB,  or  Kuullbss  Hall,  Wioait. 


This  Stone  Breaking  Macbine,  whicli  is  tihe  invention  of 
Mr.  Blake  of  Newhaven,  Connecticut,  is  employed  for  breaking 
limestone  and  ore  for  blast  fomaoes  and  also  stone  for  metalHsg 
roads.  It  is  driven  by  steam  power,  and  consists  of  a  crashing 
hopper,  in  which  the  stone  is  broken  between  a  pair  of  jaws,  one 
fixed  in  the  frame  of  the  machine,  and  the  other  vibrating  on  a 
centre  through  a  short  distance,  worked  by  an  ordinary  toggle  joint 
and  long  lever  which  receives  its  motion  from  a  crank  shaft. 

The  machine  is  shown  in  Figs.  1,  2,  and  3,  Plates  1  to  3; 
Fig.  1  is  a  longitudinal  section.  Fig.  2  a  plan,  and  Fig.  3  an  end 
elevation. 

The  fixed  jaw  A,  Fig.  1,  Plate  1,  against  which  the  stone  is 
crushed,  is  a  vertical  fluted  block  of  cast  iron,  bedded  in  zdnc  in  the 
end  of  the  very  strong  cast  iron  frame  of  the  machine,  and  held  in 
its  place  by  loose  tapered  cheek  pieces  B  B,  as  seen  in  the  plan, 
Fig.  2,  which  fit  into  recesses  on  each  side  of  the  hopper.  The 
moveable  jaw  C  is  fluted  on  the  breaking  &ce  to  correspond 
with  the  fixed  jaw,  the  ridges  of  the  moveable  jaw  being  opposite 
the  grooves  of  the  fixed  jaw :  and  the  moveable  jaw  is  suspended 
from  a  large  transverse  pin  above  the  frame.  At  the  back  of  the 
moveable  jaw  to  give  the  motion  are  two  struts  D  D,  in  the  form  of 
flat  cast  iron  plates  extending  the  whole  width  of  the  jaw  and 
bearing  in  the  middle  in  the  upright  thrust  bar  E;  this  bears 
at  the  bottom  upon  the  main  lever  F,  the  whole  forming  a 
horizontal  toggle  joint  of  simple  construction  and  great  strength. 
Figs.  4  and  5,  Plate  3,  show  the  thrust  bar  E  of  the  toggle  joint; 
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and  Fig.  6  is  a  plan  of  one  of  tlie  strut  plates  D.  The  main  lever  F, 
Fig.  1,  Las  its  folcmm  on  a  cross  beam  cast  in  the  frame  of  the 
machine,  and  when  lifted  by  the  connecting  rod  and  crank  G  at  the 
enter  end  it  presses  forward  the  breaking  jaw  C  by  straightening 
the  toggle  joint.  In  the  depression  of  the  lever  the  jaw  is  drawn 
back  ready  for  the  next  stroke  by  the  india-mbber  spring  I. 

The  entire  frame  of  the  machine  is  in  one  single  casting,  and 
has  feet  cast  npon  it  to  stand  upon  a  brick  or  stone  foundation :  the 
feet  have  bolt  holes  cast  in  them  for  the  purpose  of  bolting  the 
machine  down  to  the  foundation ;  in  practice  however  it  is  found 
to  require  nothing  besides  its  own  weight,  about  8  tons,  to  keep  it 
steady  in  its  place.  It  is  fixed  high  enough  to  allow  a  railway 
Tragon  or  a  cart  to  be  placed  under  the  hopper  to  receive  the  broken 
material  direct  from  the  crushing  jaws.  The  crank  shaft  G  carries 
a  flywheel  H  on  each  side  of  the  machine,  and  also  the  driving 
pulley  K,  which  receives  a  belt  frx)m  the  steam  engine  or  shafting 
employed  to  drive  the  machine. 

The  moveable  jaw  C,  Fig.  1,  Plate  1,  works  on  a  round  bar  of 
iron,  which  passes  loosely  through  it  and  forms  the  centre  upon 
which  it  vibrates.  Every  revolution  of  the  crank  causes  the  lower 
end  of  the  moveable  jaw  to  advance  towards  the  fixed  jaw  about 
i  inch  and  return;  and  when  the  jaw  is  drawn  back  the  stone 
in  the  hopper  &Ils  lower  down  to  fill  up  the  space  caused  by  drawing 
l»ck  the  jaw,  and  is  then  ready  for  the  next  bite  of  the  jaws,  and  so 
on  until  the  broken  stone  drops  out  at  the  bottom.  The  extent  of 
motion  of  the  crank  end  of  the  main  lever  F  is  5^  inches,  giving  a 
total  leverage  of  14  to  1.  The  distance  of  the  jaws  apart  at  the 
bottom  determines  the  size  of  the  broken  material,  and  can  be 
altered  at  pleasure.  A  variation  of  f  inch  can  be  made  by  raising 
or  bwenng  the  screws  which  adjust  the  wedges  L,  thereby  altering 
the  abutment  for  the  toggle  joint.  Further  variations  are  made  by 
changing  the  strut  plates  D,  and  putting  in  longer  or  shorter  ones 
as  may  be  required. 

The  writer  first  became  acquainted  with  this  stone  breaking 
machine  at  the  International  Exhibition  of  1862,  where  a  working 
model  of  it  was  shown  in  action ;  and  from  its  simpHcity  and  the 
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ease  with  whick  the  model  broke  hard  flint  stones  he  was  indnced 
to  obtain  a  machine  from  the  inventor  in  America  for  the  purpose 
of  breaking  iron  ore  and  limestone  at  the  Eorkless  Hall  Iron  Works, 
Wigan.  This  machine  was  started  in  October  1862,  and  siooe  that 
time  has  worked  continnonslj.  The  size  of  the  jaws  is  20  inches 
long  by  7  inches  width  of  opening  at  the  top ;  and  this  therefore 
represents  the  largest  stone  which  the  machine  will  break.  The 
largest  quantity  of  limestone  broken  in  one  day  of  10  hours  has 
been  120  tons,  or  at  the  rate  of  12  tons  per  honr ;  but  the  ayerage 
weight  tamed  out  in  regular  work  is  100  tons  per  day,  or  10  tonB 
per  hour. 

In  consequence  of  the  economy  and  advantage  found  in  using 
this  machine  as  compared  with  hand  labour,  a  second  machine  was 
procured  by  the  writer  from  the  English  maker,  Mr.  Marsden  of 
Leeds,  which  was  started  in  Augost  last.  This  was  intended  solely 
for  limestone,  having  the  jaws  20  inches  long  by  10  inches  width 
of  opening  at  the  top,  so  as  to  enable  a  large  stone  to  be  thrown 
direct  into  the  jaws  without  having  to  be  broken  previously  by  a 
hammer.  This  second  machine  is  found  to  break  about  i^e  same 
quantity  of  stone  per  day  as  the  first  one.  The  first  machine  is 
now  used  for  reducing  the  size  of  any  iron  ore  or  other  material 
which  may  require  to  be  ^roken  small  for  the  blast  furnaces;  aB 
well  as  for  breaking  frimace  slag  for  road  making. 

From  the  experienoe  obtained  with  the  two  machines  the  writer 
has  found  that  the  cost  of  breaking  any  material  to  about  the  size 
of  road  metal  is  3i.  per  ton.  This  includes  unloading  the  material 
out  of  wagons,  and  feeding  it  into  the  machine,  together  with  the 
engine  power  and  all  expenses  connected  with  the  machine.  The 
speed  of  the  machine  it  is  found  should  not  be  less  than  200 
strokes  per  minute.  When  the  jaws  are  fixed  as  close  as  they 
can  be,  namely  about  1  inch  apart  at  the  bottom,  the  yield  is  about 
5  tons  per  hour ;  but  when  they  are  1|  to  If  inch  apart  at  the 
bottom,  the  quantity  already  named  of  10  to  12  tons  per  hour  can 
be  got  through.  The  indicated  horse  power  required  to  drive  one 
machine  of  the  largest  size  is  15  horse  power. 
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The  only  parts  of  tlie  maclmies  at  the  writer's  works  which  have 
been  replaced  up  to  the  present  time  are  the  fixed  and  moveable 
jaws ;  these  with  constant  work  last  about  six  months.  It  has  been 
foimd  that  none  but  white  or  mottled  iron  with  the  fluted  &ices  well 
duSed  will  stand  the  severe  rubbing  and  crushing  action  which 
takes  place.  This  is  all  the  wear  that  is  experienced  in  the  workrng 
parts,  except  the  ordinary  wear  of  the  brasses  of  the  connecting  rod 
and  crank  shaft.  Fig.  7,  Plate  4,  shows  a  section  of  the  jaws  to  a 
larger  scale ;  and  Figs.  8  and  9  are  ftOl  size  sections  showing  the 
difPerent  forms  of  teeth  with  which  the  jaws  are  made. 

The  special  points  of  advantage  found  in  this  machine  are  its 
strength  of  construction,  and  small  amount  of  wear  and  tear,  in 
consequence  of  the  parts  that  are  subjected  to  the  severe  strain 
required  for  crushing  stone  being  simple  pressure  pieces  of  cast 
iron,  of  an  advantageous  form  for  strength,  and  having  large 
bearing  snr&ces  and  small  extent  of  motion  on  the  bearing  surfaces. 
Also  the  only  ports  exposed  to  wear  by  the  stone  whilst  being 
crushed  are  the  two  jaws,  which  are  plain  soHd  castings  of 
14|  and  5^  cwts.  weight,  without  any  fitting  upon  them,  and  readily 
taken  out  and  renewed. 


A  working  model  of  the  stone  breaking  machine  was  shown  in 
action,  readily  breakiiig  up  pieces  of  the  hardest  flint,  limestone, 
and  ironstone. 

The  Chaibxan  remarked  that  the  cost  named  in  the  paper  of  3(2. 
per  ton  for  breaking  stone  and  ore  by  the  machine  appeared  very 
low,  amounting  to  only  25«.  for  the  average  production  that  had 
been  stated  of  100  tons  per  day:  and  he  enquired  whether  that 
covered  the  whole  expense  of  working,  including  breaking  and 
carting  away. 
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Mr.  Lancaster  replied  that  the  cost  of  3d.  per  ton  did  not  indnde 
carting  the  stone  awaj,  bat  covered  all  the  other  expenses  of 
breaking. 

Mr.  E.  A.  CowPEB  enqnired  what  was  the  cost  of  coal  at  the 
Kirkless  Hall  Works :  the  cost  of  dd.  per  ton  for  breaking  limestone 
and  ore  certainty  appeared  very  low,  if  that  included  steam  power, 
coals,  and  attendance,  for  working  the  machine  which  required 
16  horse  power  to  drive  it. 

Mr.  Lancaster  said  all  those  expenses  were  covered  by  the  cost 
of  Sd,  per  ton,  and  the  cost  of  coal  at  his  works  was  Ss.  6d,  per  ton. 

The  Ghairhan  enqnired  whether  the  machine  was  fonnd  to  work 
slower  with  one  kind  of  material  than  with  another. 

Mr.  Lancaster  replied  that  the  iron  ore  at  the  Eorkless  Hall 
Works  waa  of  a  very  hard  qnality  and  therefore  worked  rathe' 
slower  in  the  machine  than  other  ores,  requiring  a  great  deal  of 
crashing  to  reduce  it;  but  generally  it  was  found  that  heavier 
materials  passed  through  the  machine  quicker  than  lighter  oneSi 
their  greater  weight  keeping  them  well  down  between  the  jaws  of 
the  machine. 

The  Chairman  enquired  whether  the  working  model  now 
exhibited  of  the  machine  was  the  same  that  was  shown  in  the 
International  Exhibition  of  1862. 

Mr.  Marsden  replied  that  the  present  model  was  similar  to  the 
one  shown  in  the  Exhibition,  and  was  made  at  the  same  time,  about 
five  years  ago,  when  he  made  several  models  of  the  machine  for  the 
purpose  of  introducing  it  into  England  and  other  countries.  Even 
the  small  model  now  shown  was  powerM  enough  to  break  raw 
nncalcined  flints  quite  easily,  as  was  now  seen;  by  setting  the 
'  flywheel  revolving  with  only  a  moderate  start  by  the  handle,  the 
flints  were  broken  into  small  bits  immediately  on  dropping  them 
into  the  jaws :  whereas  in  any  ordinary  mill  for  grinding  or  crashing 
materials,  if  a  flint  stone  got  in  it  would  stop  the  motion  of  the 
machine  or  break  some  part  of  it.  When  the  present  machine  was 
used  for  breaking  raw  flints,  it  was  necessary  to  keep  the  hopper 
covered,  to  prevent  the  pieces  from  flying  out,  unless  the  stone  was 
fed  in  by  a  cartload  at  a  time,  so  as  to  keep  the  hopper  always  ML 
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The  Chaisman  asked  whether  the  machine  had  been  tried  for 
breaking  granite  for  macadamising  roads* 

Mr.  Mabsden  replied  there  were  about  fifty  of  the  machines  now 
in  nse  at  granite  qnarries,  breaking  the  granite  chips  for  TnAlriyig 
roads,  where  the  chips  wonld  othervnse  be  wasted  or  would  have  to 
be  broken  by  hand  labour  at  a  cost  of  28.  per  ton.  This  was  now 
done  by  the  machine  at  the  cost  of  Sd.  per  ton,  and  the  broken 
stone  was  produced  as  &8t  as  the  carts  could  take  it  away.  Many 
of  the  machines  were  also  employed  for  crushing  emery  stone  for 
grinding,  in  which  a  great  saving  was  effected  by  their  use,  as  they 
did  not  make  anything  like  so  much  flour  as  the  ordinary  grinding 
machines.  Hitherto  it  had  been  difficult  to  breathe  in  an  emery 
mill,  owing  to  the  quantity  of  fine  flour  with  which  the  air  was 
impregnated;  and  the  emery  flour  was  the  least  valuable  sort  of 
emery,  being  the  waste  of  the  mill,  as  it  was  impossible  to  grind  the 
emery  down  to  any  size  of  grain  without  also  making  the  flour.  The 
new  machine  however  crushed  the  emery  into  the  smallest  pieces 
required  for  the  grinding  mill,  with  only  a  very  small  quantity  of 
flour. 

The  Chaibhan^  enquired  what  was  the  size  to  which  the  emery 
was  reduced  by  the  crushing  machine. 

Mr.  Mabsden  replied  that  the  great  expense  and  waste  in  emery 
mills  was  in  reducing  the  large  lumps  of  emery  stone  into  pieces  of 
the  size  suitable  for  the  grinding  mill,  about  the  size  of  marbles, 
which  could  then  be  speedily  ground  to  grain.  The  smallest 
machine  he  made,  weighing  about  3^  tons,  broke  the  lumps  into 
pieces  rather  smaller  than  marbles,  as  small  as  the  bits  produced  by 
the  working  model  now  exhibited.  The  machine  was  also  used  for 
croBhing  tin,  copper,  or  gold  ores,  and  was  found  to  have  advantages 
over  the  ordinary  stamps  employed  for  the  purpose ;  for  in  stamping 
these  ores  the  stamps  knocked  all  the  matrix  into  a  pulverised  mass, 
and  the  practice  was  for  this  whole  mass  of  material  to  be  taken 
firom  the  stamps  to  the  washing  apparatus,  to  remove  the  foreign 
matters  mixed  with  it.  But  with  the  new  machine  75  per  cent,  of 
the  foreign  matter  crushed  could  be  picked  out  at  once,  by  having 
a  revolving  table  under  the  machine  with  boys  standing  round  it  to 
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pick  tBfi  large  pieces  of  stone  off,  leaying  only  25  per  cent,  to 
be  washed,  instead  of  the  whole  mass ;  since  the  action  of  tlie 
machine  was  to  open  the  seams  and  let  the  true  metal  go  without 
pulverising. 

The  Ghaibmait  asked  what  was  the  cost  of  the  machines. 

Mr.  Marsden  replied  that  the  cost  of  the  largest  machine,  haying 
the  jaws  20  inehes  long  by  10  inches  width  of  opening  at  top,  was 
£240  eomplete.  The  smallest  machine  on  this  constmction,  weighing 
8|  tons,  cost  £140,  and  had  been  made  in  the  United  States  before 
the  machine  was  introduced  into  England ;  it  was  now  at  work  at  a 
whinstone  quarry  at  Witton-le-Wear,  breaking  40  tons  per  day  of 
whinstone,  and  he  had  seen  it  break  as  much  as  3^  to  4  cubic  yards 
per  hour.  The  largest  machine  he  had  made  in  America  had  the 
jaws  20  inches  long  by  only  7  inches  wide,  instead  of  10  inches 
width  of  opening  as  now  made. 

The  Chaibman  enquired  for  what  purpose  the  machine  was 
employed  in  the  first  instance  in  America,  and  whether  many 
breaki^es  of  the  cast  iron  frame  occurred  before  the  proper  strength 
was  arrived  at. 

Mr.  Mabsdbn  said  he  had  had  several  breakages  before  the  cast 
iron  frame  was  made  strong  enough  to  stand  the  severe  strain 
thrown  upon  it  in  crushing  stone.  The  work  upon  which  the 
machine  was  first  employed  in  America  was  breaking  stones  in  the 
central  park  in  New  York,  in  which  there  were  frt)m  5  to  7  miles  of 
road  to  be  made  in  1858.  A.  great  quantity  of  stone  was  therefore 
required  to  be  broken  for  these  roads,  and  none  was  allowed  to  be 
laid  on  the  road  which  would  not  pass  through  a  ring  of  2  inches 
diameter :  the  price  paid  for  breaking  the  stone  by  hand  labour  was 
nearly  10«.  per  cubic  yard.  The  first  machine  made  was  taken  to 
the  park,  and  broke  the  stone  on  contract  for  only  3«.  per  cubic  yard, 
and  at  the  end  of  the  first  three  months  it  had  earned  enough  by  the 
saving  at  that  rate  to  pay  its  entire  cost,  while  at  the  same  time  the 
work  was  found  to  be  done  much  better  by  the  machine  than  it  had 
previously  been  done  by  hand  labour  at  more  than  three  times  the 
cost.  The  stones  to  be  broken  were  boulders  of  hard  blue  trap 
rock,  as  hard  as  flint  and  considerably  tougher,  and  the  strain  put 
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upon  the  machine  to  break  them  was  greater  than  anything  that  had 
heen  met  with  in  breaking  any  other  materials.  By  the  action  of 
the  jaws  of  the  machine  indeed  the  hardest  substances  were 
gradually  broken  up  into  pieces,  and  in  two  instances  hammer 
heads  that  had  accidentally  fallen  into  the  jaws  had  been  crashed 
to  pieces.  One  of  these  accidents  oconrred  with  the  machine  at 
work  in  New  York,  while  he  was  standing  close  to  it ;  the  hammer 
was  used  for  knocking  the  stones  down  in  the  jaws  of  the  machine 
if  they  were  too  large  to  enter,  and  the  head  got  loose  and  came  off 
the  wood  handle  and  fell  into  the  jaws.  It  was  a  cast  steel  head 
weighing  26  lbs.,  and  was  crashed  to  pieces  by  the  machine,  which 
was  enabled  to  effect  this  by  the  circumstance  that  the  diyergence  of 
the  jaws  wsb  sufficient  to  allow  any  very  hard  substance  that  got 
between  them  to  slip  up  when  the  excessive  pressure  of  the  jaws  in 
dosing  came  upon  it ;  but  then,  when  the  jaws  opened  again,  it 
again  fell  down  lower  between  them^  a  small  portion  being  chipped 
off  each  time,  and  in  that  way  by  a  contiuued  nibbling  action  the 
hardest  material  was  gradually  broken  small  enough  to  £all  through. 
The  second  hammer  head  that  was  destroyed  in  that  naanner  was  in 
the  machine  described  in  the  paper  at  the  Earkless  Hall  Works ; 
and  he  had  recently  seen  another  there  also,  which  had  fallen  into 
the  machine  and  showed  the  marks  of  the  jaws  upon  it,  but  had 
been  picked  out  before  being  crushed  to  pieces. 

Mr.  J.  G.  Wilson  enquired  what  was  the  inclination  of  the  jaws 
of  the  machine  to  each  other. 

Mr.  Massden  replied  that  he  had  tried  different  inclinations  of 
the  jaws,  and  the  moyeable  jaw  was  now  placed  at  the  inclination 
shown  in  the  drawing,  the  fixed  jaw  being  upright.  The  jaws  were 
from  7  to  10  inches  wide  at  the  top  and  2  inches  or  less  at  bottom, 
with  a  depth  of  £rom  18  to  24  inches  from  top  to  bottom,  the 
inclination  being  kept  in  all  cases  the  same. 

Mr.  J.  C.  Wilson  enquired  whether  the  machine  would  be 
Boitable  for  granulating  animal  charcoal ;  the  machinery  at  present 
in  use  for  that  purpose  was  very  expensive. 

Mr.  Mabsden  thought  if  the  charcoal  were  dry  the  machine 
would  quickly  break  it  up  to  any  degree  of  fineness  required. 
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The  Ghaibman  asked  what  was  the  maJce  of  the  snspending  pm 
on  which  the  moveable  jaw  worked. 

Mr.  Mabsden  replied  it  was  only  a  piece  of  common  Tonnd  rolled 
iron,  not  tamed  and  with  only  sufficient  dressing  to  prevent  its 
being  too  rongh  for  the  jaw  to  work  upon ;  the  ends  were  flattened 
and  keyed  fast  in  the  frame  of  the  machine. 

Mr.  Wilson  Lloyd  enquired  whether  the  cost  of  3d.  per  ton 
which  had  been  stated  for  breaking  limestone  at  the  Elirkless  Ball 
Works  included  any  charge  for  interest  on  the  capital  expended  in 
the  machine.  That  would  affect  the  question  as  to  the  probabOity 
of  this  machine  superseding  hand  labour  for  the  purpose. 

Mr.  Lancaster  said  the  cost  of  3i.  per  ton  did  not  include  any 
charge  for  interest  on  capital  or  depreciation.  It  was  merely  the 
contract  price  for  Hfting  the  stone  into  the  machine,  putting  tlie 
wagons  under,  and  working  the  machine  in  the  usual  way ;  and  that; 
was  the  average  cost  for  crushing  ordinary  materials. 

Mr.  Wilson  Llotd  did  not  see,  that  being  the  case,  how  a  saving 
could  be  effected  by  the  machine  as  compared  with  hand  labonr, 
because  at  their  own  works  at  Wednesbuiy  limestone  was  broken  bjr 
hand  labour  at  a  cost  of  only  S^d,  per  ton;  and  if  a  charge  for 
interest  on  capital  and  depreciation  were  added  to  the  cost  of  3<2.per 
ton  in  breaking  limestone  by  the  machine,  that  would  bring  up  tlie 
cost  to  considerably  above  Sd,  per  ton.  A  great  improvement 
for  reducing  the  expense  with  the  machine  would  be  effected  if  it 
were  made  self-feeding:  at  present  it  appeared  that  every  lump 
of  material  to  be  crushed  had  to  be  lifted  by  hand  from  the  ground 
and  thrown  into  the  jaws  of  the  machine ;  but  if  it  were  fed  direct 
from  the  wagons  by  means  of  an  inclined  plane,  the  cost  of  working 
would  be  materially  lessened. 

Mr.  Lancaster  had  not  found  he  could  get  limestone  broken  by 
hand  labour  for  so  little  as  S^d.  per  ton  at  his  works,  and  the  cost 
by  hand  labour  had  been  as  much  as  7d,  per  ton,  in  comparison  with 
which  the  present  cost  of  Sd.  per  ton  with  the  machine  was  a  great 
saving.  The  machine  had  also  the  important  advantage  of  breaking 
the  materials  to  a  much  more  uniform  size  than  could  be  done 
by  hand  labour,  and  uniformity  in  the  size  of  the  pieces  suited 
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the  workmg  of  ihe  blast  ftimace  better  than  iiregular  lumps. 
Moreover  with  hand  labour  it  was  found  that  often  in  the  night 
time  the  men  in  charge  of  the  ftimaces  threw  in  lumps  both  of  ore 
and  limestone  which  were  much  too  large,  and  interfered  with  the 
regular  working  of  the  i^imace  and  the  proper  make  of  iron:  but 
this  oonld  not  be  done  when  the  machine  was  used,  as  the  materials 
were  constantly  crushed  by  it  to  a  nniform  size.  He  enquired  what 
was  the  size  of  the  pieces  that  were  broken  by  hand  labour  at  the 
cost  of  S^d,  per  ton. 

Mr.  Wilson  Lloyd  said  the  limestone  was  broken  by  hand  labour 
to  pieces  about  3  inches  cube.  As  labour  was  growing  very  costly 
in  South  Staffordshire  a  machine  for  crushing  limestone  cheaply 
was  a  great  desideratum ;  but  he  had  expected  to  find  the  cost  of 
breaking  stone  by  the  machine  would  probably  be  only  about  half  afl 
much  as  appeared  to  be  actually  the  case. 

Mr.  Lancastbb  observed  that  the  larger  size  of  the  pieces  broken 
loy  hand  labour  would  make  a  great  difference  in  the  expense  of 
breaking ;  for  the  cost  of  breaking  stone  by  hand  labour  to  so  small 
a  size  as  1^  inch  was  many  times  greater  than  in  reducing  it  to 
3  inches  only.  * 

Mr.  E.  A.  GowPEB  thought  the  application  of  the  machine  to 
breaking  the  materiais  for  blast  furnaces  was  decidedly  a  step  in  the 
right  direction,  as  it  was  very  important  to  have  the  materials 
broken  fine  for  the  purpose ;  and  the  more  intimately  the  ore  and 
limestone  were  mixed  in  the  furnace,  the  better  would  be  the  yield 
of  iron  and  the  more  economical  its  production. 

Mr.  Samuel  Lloyd  enquired  whether  more  dust  was  made  in 
breaking  limestone  and  ore  by  the  machine  than  by  hand  labour, 
as  the  introduction  of  dust  into  a  blast  furnace  was  not  advantageous: 
with  hand  labour  he  had  found  very  little  dust  was  left  after  breaking 
large  quantities  of  material. 

Mr.  Lancaster  replied  that  practically  no  dust  was  made  by  the 
machine,  and  the  whole  of  the  broken  material  was  taken  direct 
from  the  machine  to  the  ftimace  without  riddling  or  screening. 

Mr.  Mabsden  said  he  had  tested  the  machine  during  the  last  five 
years,  in  reference  to  the  quantity  of  dust  that  it  made ;  and  had 
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foimd  that  in  breaking  hard  material,  such  as  hard  limestone,  the  dnat 
made  bj  the  machiae  was  only  about  two  thirds  as  much  as  that 
made  in  hand  breaking.  The  machine  was  intended  for  breaking 
materials  that  were  too  hard  to  be  suitable  for  breaking  hy  hand 
and  would  cost  too  much  if  broken  suffioientlj  small  bj  hand ;  but 
softer  stone  might  still  be  broken  bj  hand  at  a  cheap  rate.  In  load 
making,  the  size  of  the  stones  laid  down  was  of  great  importance  to 
the  durabihtj  and  use^ilness  of  the  road:  at  present  a  newij 
macadamised  road  was  not  fit  for  some  time  for  horses  or  vehicles 
to  pass  over,  and  by  the  time  it  became  ready  for  use  it  was  aJieadj 
half  worn  out,  and  in  holes  in  some  places ;  but  if  the  stones  were 
broken  small  enough  to  go  through  a  1|  inch  ring,  and  then  the 
chippings  laid  on  the  top  of  these,  a  compact  road  would  be 
obtained  ready  for  immediate  use.  By  hand  labour  however  it  was 
of  course  impossible  to  get  the  stone  broken  so  small  as  that,  on 
account  of  the  great  expense,  as  breaking  down  stones  to  1^  inch 
size  was  double  the  work  of  breaking  them  down  to  2  inches  size ; 
and  here  therefore  the  machine  had  a  decided  superiority. 

The  Ghaibman  enquired  how  many  of  the  machines  were  now  at 
work  in  England. 

Mr.  Mabsden  replied  that  there  were  now  about  fifty  of  the 
machines  at  work  in  this  country,  several  of  which  were  being 
employed  to  break  stones  for  macadamising  roads ;  some  of  these 
were  in  country  districts  where  there  was  an  agricultural  engine  at 
hand,  which  would  otherwise  be  standing  idle  for  a  great  part  of 
the  year.  The  machines  were  always  made  self-feeding  wherever 
practicable,  either  by  a  slanting  shoot  wben  the  stone  was  at  a 
higher  level,  or  by  elevators  to  raise  it  from  below  into  the  jaws  of 
the  machine.  One  of  the  machines  at  a  quarry  had  been  fixed  on 
the  side  of  the  hill,  with  an  inclined  shoot  for  the  stones  to  paae 
direct  into  the  machine,  and  by  that  mode  of  feeding  one  man  could 
feed  100  tons  of  stone  per  day  into  the  machine,  thus  doing  what 
would  be  the  work  of  four  men  if  the  stone  were  fed  in  by  hand. 
With  the  addition  of  a  tramway  to  bring  up  the  wagons  immediatelj 
under  the  machine,  he  had  seen  a  train  of  twelve  wagons  loaded  in 
twenty  minutes,  by  merely  lifting  a  trap  door  of  the  bin  and  letting 
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iihe  broken  stone  nm  into  the  wagons.  And  when  the  stone  was 
quarried  in  the  side  of  a  hill  and  passed  bj  a  shoot  direct  into  the 
jaws  of  the  machine  and  thence  into  the  wagons  beneath,  it  was 
found  that  it  could  be  broken  and  delivered  fifty  miles  away  by  rail 
at  less  expense  than  it  had  formerly  cost  for  loading  and  delivering 
the  rough  stone.  Where  the  stone  had  to  be  lifted  by  hand  into  the 
jaws  of  the  machine  it  generally  cost  an  additional  Id.  per  ton.  The 
machine  at  the  Elrkless  Hall  Works  was  placed  at  a  level  part  of  the 
works,  so  that  there  was  no  &cility  in  that  case  for  making  it 
self-feeding,  as  it  conld  not  be  placed  below  the  level  of  the  materials 
to  be  crashed.  Ail  the  stone  had  therefore  to  be  lift^  into  the  jaws 
by  hand,  and  he  had  known  as  much  as  80  tons  per  day  thrown  in 
by  one  man,  at  a  cost  of  2«.  6d.  in  that  instance.  That  was  the  first 
machine  put  to  work  in  England,  and  all  the  machines  now  in  nse 
in  this  country  had  been  introduced  since  1862. 

Mr.  J.  Bamsbottom  had  seen  the  machine  at  work  at  the  Kirkless 
Hall  Works  on  the  occasion  of  the  Liverpool  Meeting  of  the 
Institution  last  August,  and  was  much  struck  with  the  simpHcity 
of  its  construction  and  its  low  cost,  and  its  excellent  action  in 
breaking  the  limestone  and  ore  for  the  blast  ftimaces.  He  thought 
the  machine  might  be  applied  with  advantage  to  breaking  stones  for 
ballast  for  the  permanent  way  of  railways,  where  it  would  be  a  great 
improvement  to  have  the  ballast  of  uniform  quality  throughout,  so 
as  to  form  an  even  and  durable  road. 

Mr.  E.  A.  CowPEB  had  also  seen  the  machine  at  work  in  the 
North  of  England,  employed  in  breaking  blast-ftimace  cinder  for 
making  roads,  in  which  it  appeared  very  effective,  though  seeming 
to  make  rather  too  much  dust  in  the  process.  With  regard  to  the 
utility  of  breaking  stones  small  for  macadamising,  he  thought  2  inch 
stones  were  not  too  large  for  the  purpose  if  a  heavy  roller  were 
passed  over  the  road,  supposing  the  road  had  been  softened  by  water 
or  recently  picked  up.  The  effect  of  passing  a  roller  over  was  to 
bring  the  flat  sides  of  the  triangular  or  pyramidal  pieces  of  stone 
uppermost,  and  he  had  seen  a  macadamised  road  made  in  that  way 
in  beautiful  condition  aftier  a  heavy  roller  had  been  twice  passed 
over  it ;  the  rolling  of  a  road  was  thus  a  matter  of  great  importance 
as  a  measure  of  economy,  for  it  saved  the  great  waste  caused  by  the 
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stones  rolling  about  and  being  gradnally  ground  away  before  thejr 
settled  or  became  imbedded  in  tbe  road.  In  tHe  working  of  the 
maclmie  be  bad  occasionally  seen  bard  stones  become  jammed, 
but  tbey  always  gave  way  gradually  under  tbe  constant  cmsliiiig 
action  of  tbe  macbine,  and  were  finally  cmsbed  to  pieces  without 
baying  strained  or  damaged  tbe  macbine.  Tbis  was  readily 
explained  by  tbe  consideration  tbat  tbe  action  of  tbe  jaws  upon 
a  substance  too  bard  for  tbem  to  cmsb  entirely  tbrougb  was  to 
crumble  away  tbe  edges  of  tbe  substance  immediately  in  contact 
witb  tbe  jaws,  and  tben  tbe  broken  particles  reduced  tbe  fiiiction 
between  tbe  swefacoB  and  acted  to  some  extent  as  a  lubricator, 
allowing  tbe  bard  substance  to  slip  upwards  in  tbe  jaws  and  relieve 
tbe  pressure ;  and  by  tbis  continual  biting  action  be  could  under- 
stand bow  any  substance  wbicb  was  not  actually  barder  than  the 
sur&ce  of  tbe  cbilled  cast  iron  jaws  tbemselves  migbt  be  gradually 
crumbled  away  and  at  last  broken  up. 

Mr.  Mabsden  remarked  tbat  tbere  was  a  difference  in  tbe  make 
of  tbe  jaws  in  tbe  macbines  intended  for  breaking  stones  for  roads, 
wbere  it  was  desirable  to  avoid  making  dust,  and  in  tbose  used  for 
cmsbing  '^  bulldog  "  for  lining  puddling  ^imaces,  wbere  it  did  not 
matter  making  dust.  For  tbe  latter  purpose  tbe  teetb  of  tbe  jaws 
were  made  flatter,  tbe  deptb  of  tbe  corrugations  being  only  about 
I  incb,  Fig.  8,  Plate  4;  wbereas  in  tbe  macbines  intended  for 
breaking  stones  for  roads  tbe  corrugations  were  made  sharper, 
Fig.  9,  projecting  f  incb  instead  of  ^  incb,  tbe  teetb  being  spaced 
at  tbe  same  pitcb  apart  in  botb  cases,  2^  incbes  centre  to  centre. 
Tbe  point  of  tbe  teetb  was  made  flat  for  |  to  ^  incb  breadth,  with 
tbe  edges  just  rounded  off.  One  of  tbe  macbines  witb  tbe  sharper 
teetb  was  now  employed  at  a  cbemical  works  at  Gatesbead  for 
crusbing  pyrites,  wbere  it  was  desired  to  make  the  least  dust 
possible,  and  it  bad  proved  bigbly  satisfactory  for  tbis  purpose ;  other 
modes  of  crusbing  tbe  material  bad  previously  been  tried  tbere,  but 
tbey  bad  all  been  found  expensive  and  made  a  great  deal  of  dust. 

Tbe  Chairman  moved  a  vote  of  tbanks  to  Mr.  Lancaster  for  his 
paper,  wbicb  was  passed. 


Tbe  following  paper  was  tben  read : — 
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DESCRIPTION  OF  A  HORIZONTAL  V  PUMP. 


Bt  Mju  JOHN  J.  BIBGEEL,  of  Liybbpool. 


The  Pomp  forming  the  subject  of  the  present  paper  is  shown 
in  Figs.  1,  2,  and  3,  Plates  5  and  6,  whioh  represent  a  donble 
pump  of  this  kind  aa  constructed  at  the  Yauxhall  Foundry, 
liyerpool.  In  this  pump  the  barrel  is  horizontal  and  moves  upon  a 
stationary  bucket,  instead  of  the  bucket  moving  within  a  stationary 
harrel  as  in  an  ordinary  pump;  and  it  is  termed  a  V  pump  on 
accoont  of  the  peculiar  shape  of  both  barrel  and  bucket.  Fig.  I, 
Plate  5,  is  a  transverse  section  through  the  two  pump  barrels,  and 
Fig.  2  a  longitudinal  section  of  the  pump  through  one  of  the 
barrels:  Fig.  3,  Plate  6,  is  a  plan.  Fig.  4,  Plate  7,  shows  a 
longitudinal  section  of  one  of  the  barrels  to  a  larger  scale,  and 
Fig.  5,  Plate  8,  is  a  corresponding  transverse  section. 

The  lower  half  A  of  the  barrel,  Figs.  I  and  2,  Plate  5,  acts  as  a 
stationary  bed,  being  fixed  water-tight  to  the  foundation  plate  B ; 
the  working  portions  are  planed  true  throughout  their  entire 
length,  and  the  angle  of  the  V  is  90  degrees,  as  seen  in  the 
transverse  sections,  Figs.  1  and  5.  The  upper  or  sliding  half  C  of 
the  barrel  is  also  planed  true  throughout  its  length  inside,  as  well 
as  upon  its  return  flanges,  which  make  a  water-tight  joint  with 
the  lower  half  A.  The  barrel  is  made  complete  by  the  two  end 
covers  D  D,  in  each  of  which  is  an  aperture  closed  by  a  leather 
flap  valve  E,  Fig.  4,  Plate  7 ;  these  covers  are  bolted  on  the  sliding 
barrel  C,  and  are  fitted  true  by  planed  ft^es  upon  the  V  bed  A, 
with  which  they  make  a  water-tight  joint.  A  handle  F,  Figs.  I  and  2, 
18  fixed  to  the  sliding  barrel  G  for  convenience  of  lifting  it  out  of  its 
Beat.  The  stationary  bucket  O,  Figs.  2  and  4,  is  fixed  to 
the  bed  A,  and  makes  a  water-tight  joint  both  with  the  bed  A 
and  with  the  sliding  barrel  C ;  it  communicates  by  means  of  the 
central  opening  with  the  suction  chamber  H,  Figs.  1  and  5,  and 
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opens  at  botli  ends  into  the  pnmp  barrel,  eacli  opening  bemg 
provided  with  a  leather  flap  valve  I,  Fig.  4.  The  bucket  is  thus 
made  to  answer  as  the  suction  valvebox,-  whereby  the  pump  is 
rendered  double-acting  bj  means  of  only  a  single  valvebox. 

When  the  sliding  barrel  C,  Fig.  4,  Plate  7,  is  set  in  motion,  the 
water  is  drawn  into  it  at  one  end  through  one  of  the  suction  vaLves  I ; 
while  at  the  same  time  the  water  contained  in  the  other  end  of 
the  barrel  is  discharged  through  the  deliveiy  valve  E  at  that  end. 
The  deKvery  valves  E  are  prevented  from  opening  too  fieir  by  the 
catches  J;  and  a  similar  provision  is  made  with  the  two  sncfcion 
vaLves  I,  which  are  connected  together  by  a  chain.  The  pump 
works  in  a  cistern  K  upon  the  foundation  plate  B,  Figs.  1  and  2, 
into  which  it  delivers  the  water  raised ;  and  a  continuouB  discharge 
takes  place  through  the  overflow  spout  L,  which  is  placed  at  such  « 
height  as  to  keep  all  the  joints  of  the  pump  constaaitly  immersed 
in  the  water,  thus  making  them  air-tight.  When  it  is  desired  to  use 
the  pump  as  a  force  pump,  it  is  only  necessary  to  close  the  top  of 
the  GJstem,  and  provide  a  rising  main  £rom  the  cistern  to  the  height 
at  which  the  water  is  to  be  delivered. 

The  pump  is  either  worked  directly  by  a  steam  cylinder  or  hj 
gearing;  but  the  purposes  for  which  it  is  best  adapted,  narady 
drainage  and  irrigation,  render  it  generally  more  convenient  and 
more  profitable  to  work  the  pump  direct  by  a  steam  cylinder.  He 
piston  rod  of  the  latter  is  then  prolonged  and  works  through  a 
Btuffing-boz  into  the  cistern  K,  with  a  crosshead  on  the  end  of  the 
rod  for  attaching  it  to  the  sliding  barrel  G,  as  shown  in  Figs.  2  and  9, 
Plates  5  and  6.  In  the  double  pump  here  shown,  each  barrel  G  ia 
worked  by  a  separate  steam  cylinder,  and  the  general  arrangemeol 
of  the  cylinders  is  similar  to  that  adopted  in  locomotive  engines,  the 
two  being  coupled  at  right  angles  with  a  flywheel  between  them. 
The  whole  mecham'sm  resting  upon  one  foundation  plate  B  is  thus 
self-contained,  and  entails  only  a  Tninimum  outlay  for  fbundations, 
whilst  it  may  be  easily  shifted  from  one  place  to  axu)ther. 

The  following  practical  advantages  are  considered  to  be  attained 
by  this  construction  of  pump.     By  Tnftlring  the  barrel  and  the 
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backet  in  tlie  V  shape,  the  worlditg  parts  hare  a  tendency  to  wear 
themselyes  true  and  tight,  instead  of  wearing  themselves  out  of 
trath  and  leaky  as  in  the  case  of  an  ordinary  cylindrical  bucket 
pomp ;  and  it  appears  that  in  practice  this  is  fonnd  to  be  the  actual 
resnlt  of  working.  This  is  an  advantage  of  great  importance  in 
connJarieB  where  skilled  mechanics  are  scarce,  and  where  not  only 
are  frequent  repairs  expensive  in  themselves,  but  the  stoppages 
caused  thereby  are  a  source  of  still  greater  loss. 

It  is  also  foiind  in  practice  that  the  V  pump  makes  a  considerably 
better  vacuum,  and  consequently  raises  a  greater  column  of  water 
than  pumps  of  the  ordinary  construction.  It  may  be  assumed  that 
a  vacuum  of  22  feet  column  of  water  is  all  that  may  be  expected 
in  regular  work  from  an  ordinary  bucket  pump ;  whereas  it  has 
been  ascertained  by  actual  trial  at  Liverpool  with  a  V  pump 
constructed  at  the  Yauxhall  Foundry  that  it  creates  a  vacuum  of 
28  feet  of  water,  showing  a  difference  of  21  per  cent,  in  its  favour. 
This  may  however  be  accounted  for  by  the  ends  of  the  shding 
barrel  0,  Fig.  4,  Plate  7,  being  allowed  to  move  close  up  to  the 
backet  G ;  and  also  by  the  joints  being  all  constantly  immersed  in 
the  water.  The  advantage  thus  obtained  may  in  many  cases  be  of 
great  importance. 

The  V  pump  occupies  considerably  less  space  than  an  ordinary 
double-acting  horizontal  pump,  the  difference  in  length  for  pumps  of 
the  same  stroke  being  about  equal  to  the  length  of  one  vaLvebox. 
The  construction  of  the  V  pump  also  allows  ready  access  to  all  the 
parts,  and  rend^s  any  repairs  easy,  and  to  that  extent  less 
expensive.  It  is  only  necessary  to  hft  up  the  sliding  barrel  G^ 
Figs.  1  and  2,  Fkte  5,  by  means  of  the  handle  F,  as  it  is  not  fixed 
down  in  any  way,  and  the  whole  of  the  working  parts  are  then 
immediately  exposed  to  view. 

In  calculating  the  percentage  of  loss  in  useAil  work  by  the 
friction  of  the  moving  parts  in  this  pump  as  compared  with  an 
erdinary  bucket  pxmip,  the  coefficient  of  friction  of  metal  sur&ces 
working  under  conditions  similar  to  those  of  the  sliding  parts  of  the 
pump  may  be  taken  ttom  Morin's  experiments  to  be  0*16,  that  is  the 
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friction  is  16  per  cent,  of  the  whole  pressure  on  the  robbing  Boi&oes. 
But  in  the  present  V  pump  where  the  rubbing  sur&ces  are  inclined  to 
the  horizon  at  45  degrees,  this  coefficient  has  to  be  increased  in  the 
ratio  of  1  to  the  square  root  of  2 ;  and  the  corrected  coefficieDt  is 
therefore  taken  as  022,  that  is  the  friction  is  22  per  cent,  of  the 
sHding  load.  Hence  if  w  represent  the  whole  pressure  of  the 
vacuum  in  lbs.  upon  one  foot  length  of  the  sliding  barrel,  and  I  the 
length  of  stroke  of  the  barrel  in  feet,  the  mean  pressure  during  the 
entire  stroke  will  he  ^  w  l;  and  therefore  the  whole  amount  of 
friction  to  be  overcome  during  a  complete  stroke  is  equal  to 
0*22  X  i  w  l^,  neglecting  the  weight  of  the  sliding  barrel  itself 

Now  taking  the  vacuum  pressure  on  the  sliding  barrel  in 
ordinary  working  to  be  10  lbs.  per  square  inch,  the  usefbl  work 
performed  in  one  stroke  of  1  foot  4  inches  with  a  bucket  11  inches 
square  is 

(11  ins.  X  11  infi.  X  10  IbB.)  x  1*83  ft.  =  1609  foot  pounds. 
And  the  inside  width  of  the  sliding  barrel  measured  horizontallj 
being  15^  inches,   the  work  absorbed  bj    friction  is  found  hj 
substituting  the  numerical  values  in  the   expression  previonsfy 
obtained  (0*22  x  |  ^  2  "),  and  amounts  to 

0-22  X  i(12mB.  X  16i  ins.  x  10  lbs.)  x  (1-33  ft.)  «=  862  foot  pounds, 
which  is  equal  to  22  per  cent,  of  the  useM  work,  1609  foot  pounds. 
The  weight  of  the  sliding  barrel  itself  is  about  850  lbs.,  equivalent  to 
about  300  lbs.  when  immersed  in  water,  which  will  give  an  additional 
friction  of  0*22  X  300  lbs.  X  1'33  ft.=88  foot  pounds,  making  the 
total  loss  bj  friction  362  +  88=450  foot  pounds,  or  28  per  cent 
of  the  useful  work. 

From  the  same  data  it  may  be  calculated  that  in  a  common 
bucket  pump  the  work  absorbed  by.  friction  of  the  bucket  is  nearlj 
12  per  cent.,  and  it  has  been  given  by  Bankine  as  10  per  cent,  of 
the  useful  work,  showing  an  advantage  in  &vour  of  the  common 
pump  in  friction ;  but  in  the  writer's  opinion  the  increased  friction 
of  the  V  pump  as  above  ascertained  is  compensated  for  by  the 
advantages  attending  this  pump  as  already  described.  It  shonld 
be  borne  in  mind  also  that,  since  the  work  in  friction  of  the  sliding 
barrel  increases  as  the  square  of  the  length  of  stroke,  whereas  the 
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nsefbl  work  mcreases  only  in  tlie  simple  ratio  of  the  stroke,  the 
percentage  of  loss  hy  Motion  will  increase  in  proportion  to  the 
length  of  stroke,  nnless  there  is  at  the  same  time  a  proportionate 
increase  in  the  area  of  the  bucket.  For  instance,  with  a  bucket 
9  inches  square  and  a  stroke  of  2  feet,  the  capacity  of  stroke  would 
be  the  same  as  in  the  example  above  given,  and  the  useM  work 
would  consequentlj  be  the  same  :  but  the  percentage  of  the  friction 
as  compared  with  the  usefdl  work  would  then  amount  to  42  per 
cent.  It  therefore  foUows  that  the  ratio  of  the  side  of  the  square 
backet  to  the  length  of  stroke,  which  in  the  pump  shown  in  the 
drawings  is  1  to  1^  nearly,  should  not  be  exceeded,  but  rather 
reduced.  If  for  instance  this  ratio  were  made  1  to  1^,  the  above 
loss  of  28  per  cent,  by  Motion  would  be  reduced  to  24  per  cent. 

Six  of  the  V  pumps  have  been  employed  on  the  main  drainage 
works  in  London  for  pumping  out  foundations,  where  there  was 
a  great  quantity  of  sand  mixed  with  the  water,  so  that  they  were 
Hterally  working  and  grinding  in  sand  most  of  the  time.  These 
pumps  were  worked  by  power  and  used  in  the  roughest  possible 
manner;  but  they  were  nevertheless  worked  for  more  than  six 
months  before  requiring  any  replaning.  A  number  of  these  pumps 
worked  by  hand  have  also  been  in  use  for  several  years  in  ^Eurm 
yards,  manure  factories,  and  other  places,  without  requiring  any 
repairs,  excepting  where  they  are  continually  at  work,  and  then  only 
the  valves  require  re-leathering. 


The  Ghaibman  enquired  whether  the  pump  had  been  employed  in 
other  countries  besides  England. 

Mr.  BntCKBL  replied  that  three  or  four  of  the  pumps  had  been 
made  for  Egypt  for  the  purposes  of  irrigation,  and  one  of  them,  a 
pump  of  6  horse  power,  had  now  been  at  work  there  for  twelve 
months.  In  that  country  along  the  banks  of  the  Nile  the  water 
had  generaUy  to  be  raised  a  height  of  M>m  22  to  28  feet  for 
irrigating  the  land  when  the  river  was  at  its  lowest  level ;  and  in  that 
case  therefore  the  pump  now  described  came  in  very  conveniently. 
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becanfle  it  could  be  fixed  above  the  level  of  high  water  and  would 
still  raise  the  water  by  suctioii  BJb  all  times  from  the  river,  even 
when  the  water  was  at  its  lowest  point,  without  requiring  to  be 
shifted  aad  refixed  at  a  higher  level  when  the  water  rose. 

The  Chaibmak  observed  that  the  principal  advantage  of  the 
pump  appeared  te  be  the  fisMsility  it  afforded  for  getting  at  the 
working  parts  bj  simply  lifting  np  the  sliding  barrel ;  and  he  asked 
whether  the  sliding  barrel  was  made  of  cast  iron  or  of  brass,  and 
whether  it  was  not  expensive  in  fitting  np. 

Mr.  BiBGKEL  replied  that  the  whole  of  the  pnmp  was  made  of 
cast  iron,  and  in  the  fitting  np  it  was  certainly  more  expensive  than 
an  ordinary  pnmp,  becanse  the  working  &cea  instead  of  being  bored 
had  all  te  be  planed  and  afterwards  scraped  a  littie.  The  entire 
cost  however  did  not  differ  mnch  firom  that  of  an  ordinary  pnmp^ 
the  pnmps  sent  te  ^;ypt  having  been  snpplied  by  preference  on 
acconnt  of  their  special  applicability  te  that  particnlar  caae,  without  j 
costing  mnch  more  than  ordinary  pnnq>s  of  the  same  powec  { 
Besides  the  fiicility  of  getting  at  the  working  parts,  the  other  | 
principal  advantage  of  the  V  pnmp  was  the  tendency  of  the  mbhing  I 
&ces  te  wear  thamselvea  trae  in  working  on  acconnt  of  their  shape. 

The  Chatkman  snggested  that  there  would  probably  not  be  much 
advantage  in  the  trouble  and  expense  bestowed  on  fitting  np,  aflier 
the  pnmp  had  been  at  work  for  a  time^  on  account  of  the  wear  of 
the  rubbing  faces,  particularly  if  it  were  working  in  water  that 
contained  much  sand. 

Mr.  BiRGKEL  remarked  that  the  object  of  planing  and  scraping  the 
rubbing  fiu^es  was  that  by  their  being  made  a  good  fit  in  the  first 
instance  there  might  be  less  chance  of  the  sand  getting  inte  the 
pump. 

The  Chairman  observed  that  the  fiiction  in  the  V  pnmp  must  be 
considerably  more  than  in  the  conmion  pump,  as  had  been  stated ; 
and  he  enquired  whether  this  was  compensated  for  by  any  greater 
percentage  of  use^  effect  in  delivery  of  water. 

Mr.  BiBGKSL  repHed  that  ihe  deUvery  of  water  by  the  V  pump 
was  95  per  cent,  of  the  volume  of  the  pump,  giving  only  5  per  cent 
loss  of  water,  on  account  of  the  better  vacuum  obtained  by  the 
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{mmp  workiiig  immersed  in  water;  whereas  in  ordinary  bucket 
pnmps  lie  believed  there  was  generally  10  per  cent.  loss. 

Mr.  F.  J.  Bramwbll  remarked  that  there  appeared  to  be  three 
advantages  attributed  to  the  construction  of  pump  now  described, 
as  compared  with  an  ordinary  pump :  namely  &cility  of  access  to 
the  working  parts,  tendency  of  the  rubbing  sur&ces  to  wear  true 
in  work,  aud  better  vacuum  obtained :  but  in  none  of  these  respects 
did  he  think  the  superiority  of  the  new  pump  was  satis&ctorily 
sobstautiated.  As  regarded  ease  of  access  to  the  working  parts, 
that  advantage  was  lost  as*  soon  as  the  pump  was  used  as  a  force 
pmnp ;  and  even  confining  the  question  to  suction  pumps  alone,  he 
did  not  consider  that  an  ordinary  pump  presented  any  real  difficulty 
in  the  way  of  an  examination  of  the  working  parts  whenever 
anything  got  out  of  order.  In  reference  to  the  rubbing  sur&ces 
wearing  true  in  continued  working,  he  thought  that  was  at  best  only 
a  slight  advantage  and  not  one  that  would  compensate  for  the  loss 
hj  friction,  which  must  be  much  greater  than  in  a  common  pump ; 
moreover  it  appeared  a  question  whether  it  would  be  found  in 
practice  that  the  wear  was  equal  on  the  piston  and  on  the  edges  of 
the  sliding  barreL  As  to  the  vacuum  obtained,  he  considered  the 
case  of  the  ordinary  pump  was  understated  when  it  was  represented 
as  not  drawing  more  than  22  feet  height  of  suction ;  and  if  both 
pumps  were  iounersed  in  water  he  did  not  see  how  the  present 
pump  would  do  more  than  an  ordinary  one.  There  were  hardly 
any  stationary  engines  where  the  air  pump  was  not  immersed  in 
water,  and  in  all  cases  the  vacuum  was  much  greater  than  what 
would  correspond  to  22  feet  column  of  water.  In  the  present 
instance,  in  consequence  of  the  barrel  of  the  pump  being  the  moving 
portion,  the  result  of  working  it  at  all  rapidly  would  be  that  a  large 
amonnt  of  power  would  be  uselessly  spent  in  simply  agitating  the 
water  in  the  tank.  He  therefore  did  not  see  any  advantage  in  the 
new  pomp  as  compared  with  an  ordinary  pump. 

Mr.  BiBGKEL  said  the  advantage  of  ready  access  to  the  working 
parts  was  certainly  lost  when  the  pump  was  used  as  a  force  pump, 
owing  to  its  then  being  covered  in;  and  it  was  therefore  not 
recommended  to  be  used  except  as  a  suction  pump.    It  was  thought 
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a  practical  advanta^  to  have  all  the  working  parts  exposed  to  view 
bj  simplj  lifting  np  the  sliding  barrel  of  the  pnmp,  instead  of  haying 
to  break  water-tight  joints  in  order  to  open  the  valveboxes  at  each 
end  of  an  ordinary  horizontal  pnmp ;  and  the  small  cushion  of  air 
that  remained  in  the  sliding  barrel  when  it  was  pnt  down  again  in 
its  place  was  a  trifling  amount  compared  with  the  quantity  left  in 
the  Yalveboxes  of  an  ordinary  pnmp  when  they  were  closed  after 
examination. 

Mr.  H.  Woods  thonght  the  height  of  lift  that  had  been 
mentioned  of  ordinary  pnmps,  22  feet,  was  much  below  the  ayerage 
that  was  attained  in  practice.  He  had  had  one  pnmp  of  ordinary 
construction  at  work  for  twelve  months  night  and  day,  and  the 
average  height  of  Hfb  had  been  26]  to  27  feet ;  and  he  had  no  doubt 
that  that  height  of  lift  conld  be  relied  npon  with  any  ordinary  well 
made  pnmp. 

Mr.  BiRGEEL  did  not  think  that,  though  it  might  be  obtained 
with  a  pump  in  good  order,  27  feet  of  lift  could  be  practically 
relied  upon  with  any  safety  as  the  height  for  an  ordinary  suction 
pump ;  whereas  the  V  pump  had  drawn  28  feet  of  water  whilst 
standing  on  the  pier  head  at  Liverpool,  without  being  primed  with 
water  to  start  it,  and  with  the  tank  completely  empty. 

Mr.  H.  Maudslat  remarked  that  it  was  fortunate  for  the  pmnp 
now  described  that  the  banks  of  the  Nile  at  low  water  happened  to 
be  no  higher  than  the  pump  could  draw  by  suction,  otherwise  its 
advantage  of  focility  of  access  would  be  lost.  Vertical  pumps  for 
irrigation  from  the  Nile  had  also  been  made  by  his  own  firm,  of  the 
ordinary  construction ;  and  where  the  banks  were  too  high  to  lift 
the  water  by  suction,  the  engine  was  fixed  on  the  top  of  the  bank, 
working  the  pump  at  a  lower  level  by  a  long  piston  rod  passing 
direct  from  the  steam  cylinder  to  the  cylinder  of  the  pump  below. 
In  pumping  dirty  water  however  it  was  difficult  to  keep  ordinary 
pumps  in  working  order,  and  in  that  respect  the  pump  now  described 
appeared  advantageous  and  deserving  of  attention ;  in  pumping  np 
the  sewage  of  London  it  had  been  found  very  efficient,  the  height 
to  which  the  sewage  had  to  be  raised  to  reach  the  outlet  being 
below  the  limit  at  which  the  pump  would  work  as  a  suction  pnmp. 
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He  had  seen  the  pmnp  at  work  for  tbis  purpose,  and  also  for 
pumping  water  ont  of  ezcayations  where  it  appeared  to  be  raising 
a  laige  quantity  of  sand  with  the  water.  There  was  however  a 
great  disturbance  and  splash  of  the  water  in  which  the  pomp 
was  immersed,  by  the  motion  of  the  barrel  sliding  backwards  and 
forwards,  and  that  must  absorb  a  large  portion  of  the  power  to  no 
purpose ;  but  he  had  not  the  means  of  ascertaining  the  percentage 
of  result  to  power  employed. 

Mr.  BxscK£L  said  the  disturbance  of  the  water  was  mainly  owing 
to  the  discharge  of  the  contents  of  the  bncket  into  the  tank  at  each 
stroke ;  and  the  speed  of  the  bncket  itself  being  not  more  than 
about  110  feet  per  minnte,  he  thought  it  could  not  have  any  material 
effect  in  disturbing  the  water  in  the  tank.  The  new  pum^  was  not 
expected  by  any  means  to  supersede  the  ordinary  pump,  but  was 
only  regarded  as  particularly  suitable  for  the  special  cases  to  which 
it  had  already  been  advantageously  applied :  for  very  large  pumps 
he  did  not  think  it  would  prove  efficient,  on  account  of  the  increased 
mze  and  weight  of  the  sliding  barrel  and  the  consequent  increased 
wear  of  the  working  parts. 

Mr.  J.  Pekn  observed  that  in  the  new  pump  the  pressure  on  the 
sliding  barrel  and  consequently  the  friction  of  the  working  &ce6 
would  increase  with  the  height  of  lift,  which  was  not  the  case  in  an 
ordinary  pump  packed  with  leather  or  having  a  soKd  bucket  closely 
fitting  the  cylinder  without  packing. 

Mr.  BiBCKEL  thought  that  in  an  ordinary  pump  having  the 
bucket  packed  with  leather  the  friction  must  be  assumed  to  increase 
with  the  head  of  water,  as  he  thought  the  pressure  would  act  behind 
the  packing  to  press  it  against  the  cylinder. 

Mr.  E.  HuMPHBTS  did  not  think  that  was  the  case,  and  it  was 
certainly  not  so  with  metallic-x>acked  pistons,  the  friction  of  which 
did  not  increase,  however  mnch  the  pressure  of  water  might  be 
increased ;  whereas  in  the  new  pump  the  pressure  on  the  sliding 
barrel  was  proportional  to  the  height  of  lift,  and  would  be  still 
further  increased  if  the  pump  were  used  as  a  force  pump.  On  the 
whole  he  thought  the  construction  of  the  pump  was  a  step 
backwards  rather  than  an  improvement. 
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Mr.  J.  C.  Wilson  observed  that,  in  reference  to  the  aOeged 
tendency  of  the  sliding  barrel  to  wear  itself  tight  in  working,  be 
thought  this  would  not  be  altogether  the  case ;  for  at  the  bottom  of 
the  V  in  which  it  worked  an  j  sand  and  dirt  fix)m  the  water  would 
be  liable  to  lodge,  and  would  cause  the  point  of  each  end  of  the 
barrel  to  be  ground  away.  He  enquired  what  had  been  found  to 
be  the  result  of  practice  in  this  respect. 

Mr.  BiBCKEL  had  not  himself  been  acquainted  with  the  workmg 
of  the  pumps  for  any  length  of  time ;  but  the  pumps  employed  at 
the  main  drainage  works  in  London,  where  there  was  much  sand  in 
the  water,  had  worked  six  months  before  requiring  any  replaning. 

Mr.  E.  HuMPHRTS  enquired  why  the  new  pump  was  stated  to 
make  a  better  vacuum  than  an  ordinary  pump :  he  considered  if  an 
ordinary  pump  were  worked  under  water  in  the  same  way  it  would 
produce  as  good  a  vacuum. 

Mr.  BiBCKEL  had  no  doubt  the  vacuum  would  be  as  good  in 
ordinary  pumps  if  immersed  in  water,  but  they  were  not  usuallj 
worked  so,  on  account  of  the  difficulty  of  getting  to  the  working 
parts  if  permanently  immersed;  whereas  the  new  pump  was 
arranged  to  work  always  immersed  in  the  water  in  the  tank,  and 
still  have  all  the  working  parts  readily  accessible. 

The  Chairman  asked  what  would  be  the  advantage  in  working 
of  the  new  pump  over  an  ordinary  one  if  both  were  immersed  in 
water. 

Mr.  BiRCKEL  said  probably  the  only  advantage  in  that  case 
would  be  the  facihty  afforded  by  the  confitmction  of  the  new  pump 
for  coming  home  very  close  to  the  ends  of  the  cylinder  in  each 
stroke,  leaving  not  more  than  |  inch  clearance ;  as  he  beHeved  a 
large  space  between  the  suction  valve  and  the  bucket  was  detrimental 
to  the  working  of  the  pump,  by  preventing  so  good  a  vacuum  from 
being  obtained. 

Mr.  E.  HuMPHRTS  thought  that  it  was  of  no  consequence  whether 
the  clearance  were  1  inch  or  ^  inch,  as  that  had  no  appreciable 
effect  upon  the  vacuum.  In  a  common  pump  working  vertically 
the  air  would  be  discharged  first,  but  in  the  new  pump  this  would 
not  be  so  perfectly  effected. 
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Mr.  E.  A,  CowPER  considered  it  was  a  mistake  to  suppose  the  new 
pump  liad  any  advantage  over  the  ordinary  pnmp  in  respect  of 
clearing  itself  of  air  by  leaving  only  a  small  clearance  at  each  end  of 
the  stroke :  on  the  contrary  he  thought  the  advantage  in  this  respect 
was  on  the  side  of  the  ordinary  pump.  For  if  the  new  pomp  were 
worked  at  all  slowly,  the  air  would  accumulate  along  the  top  angle 
of  the  sliding  barrel,  and  would  not  discharge  itself  with  the  water, 
on  account  of  the  horizontal  position  of  the  pump  :  but  in  an 
ordinary  vertical  pnmp,  the  air  rising  to  the  top  of  the  water  was 
the  first  to  pass  through  the  bucket,  and  thus  the  first  thing  the 
pump  did  in  each  stroke  was  to  clear  itself  completely  of  air. 
Moreover  in  pumping  water  containing  sand,  if  the  sand  did  not 
lodge  on  the  rubbing  surfaces  of  the  sides  in  the  new  pump,  it  woxdd 
at  least  lodge  in  the  bottom  of  the  groove  and  cause  the  barrel  to 
grind  itself  away  at  that  part,  and  the  wear  would  be  much  worse 
he  thought  than  in  an  ordinary  vertical  pump  packed  in  the  usual 
mamier,  where  no  sand  could  lodge  upon  the  sides  of  the  barrel. 
For  pumping  very  dirty  water,  such  as  sewage  at  drainage  works 
or  manure  ponds  in  agricultural  districts,  the  pump  might  be 
advantageous  as  affording  a  rough  and  ready  means  of  getting  at 
the  working  parts ;  but  in  other  cases  he  thought  the  work  woxdd 
be  done  with  less  loss  by  friction  and  a  smaller  amount  of  wear 
uid  tear  if  an  ordinary  pump  were  employed. 

Mr.  BiBGKEL  observed  that  in  the  new  pump  the  space  at  the 
end  of  the  stroke  for  lodgment  of  air  might  be  further  diminished 
hj  making  the  end  of  the  sliding  barrel  inclined  at  the  same  angle 
as  the  bucket,  so  that  the  quantity  of  air  remaining  in  the  pump 
would  be  reduced  to  the  least  amount. 

The  Chairman  remarked  that  there  must  still  be  some  air  left  in 
the  pump, ^ however  small  the  clearance  was  made;  but  in  the 
ordinary  pump,  as  had  been  shown,  no  air  whatever  remained,  the 
whole  of  it  being  expelled  at  the  beginning  of  each  stroke. 

He  proposed  a  vote  of  thanks  to  Mr.  Birckel  for  his  paper,  which 
was  passed. 

The  following  paper  was  then  read : — 
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ON  THE  IMPROVED  TRAVERSING  CRANES 
AT  CREWE  LOCOMOTIVE  WORKS. 


Br  Mb.  JOHN  BAMSBOTTOM,  or  Crews. 


Tlie  Traversing  Cranes  described  in  the  present  paper  are 
employed  in  the  locomotiye  shops  of  the  London  and  Noiih 
Western  Railway  at  Crewe,  where  they  were  designed  and  erected 
by  the  writer.  They  were  seen  in  action  by  the  members  on  the 
occasion  of  their  visit  to  the  Crewe  works  in  the  excursion  at  the 
liyerpool  meeting  of  the  Institntion  last  summer.  From  the 
interest  manifested  in  them  on  that  occasion  and  the  numerous 
enquiries  that  have  since  been  made  respecting  them,  the  writer  has 
thought  that  a  description  of  the  principle  and  construddon  of 
these  cranes  may  be  acceptable  to  the  members. 

There  are  seven  of  these  cranes  in  use  at  the  Crewe  works, 
which  have  been  working  successfully  for  some  time,  the  fint 
having  now  been  three  years  in  constant  work.  They  are  driven  bj 
power  and  are  so  constructed  as  to  be  driven  by  a  light  endless  cord 
of  small  diameter,  extending  throughout  the  entire  length  of  the 
shop  traversed  by  the  crane.  This  cord  is  driven  at  a  very  high 
speed,  nearly  60  miles  an  hour ;  in  consequence  of  which  only  ft 
very  light  driving  pressure  is  required  on  the  shifting  gear  of  the 
crane.  The  driving  cord  is  kept  in  uniform  tension  by  the  action  of 
a  constant  weight ;  and  is  arranged  so  as  to  allow  of  the  cranes 
working  and  traversing  in  every  direction  without  sensibly  affecting 
the  length  of  the  cord. 

The  cranes  are  of  two  classes :  Longitudinal  Overhead  Traversers, 
of  which  there  are  two  pairs  in  the  -engine  repairing  shop,  liflang 
loads  up  to  25  tons  ;  and  Traversing  Jib  Cranes,  of  which  there  is 
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one  pair  in  ihe  wheel  shop,  lifting  4  tonsi  The  cranes  are  all  driven 
by  endless  cords  running  along  the  top  of  the  shops  close  to  the 
roof  tie-beams.  The  overjiead  traversers  are  worked  in  each  case 
by  a  man  seated  on  a  platform  attached  to  the  crab  and  moving 
with  it ;  and  the  jib  cranes  by  a  man  standing  below  at  the  foot  of 
the  crane  and  walking  along  with  it  when  traversing :  each  man 
having  control  over  all  the  lifting,  lowering,  and  traversing  move- 
ments, by  a  set  of  handles. 

The  construction  of  the  cranes  is  shown  in  Plates  9  to  18. 
Figs.  1  to  17,  Plates  9  to  15,  show  the  overhead  traverser;  and 
Figs.  24  to  82,  Plates  16  to  18,  the  jib  crane. 

Fig.  1,  Plate  9,  is  a  transverse  section  of  the  engine  repairing 
shop ;  and  Fig.  2  is  a  plan,  shortened  in  the  direction  of  the  length 
of  the  shop.  The  two  pairs  of  Overhead  Traversers  A  A  and  B  B 
work  on  two  parallel  sets  of  rails,  each  having  a  span  of  40  feet 
7  inches  and  a  longitudinal  traverse  of  270  feet.  The  girders 
forming  the  longitudinal  rails  are  carried  by  the  side  walls  and  by 
columns  at  a  height  of  16  feet  above  the  floor.  The  two  pairs  of 
traveraers  are  separately  worked  by  the  endless  cords  G  G  and  D  D, 
each  cord  being  carried  down  the  side  of  the  shop,  and  returning 
along  the  same  side  but  at  4  feet  lower  level.  The  course  of  the 
cords  is  indicated  by  the  arrows.  In  order  to  communicate  motion 
to  the  traverser  and  crab,  the  driving  portion  of  the  cord  is  carried 
across  each  traverser  to  the  further  end  and  back  again  before 
passing  on  to  the  main  driving  pulley. 

The  cord  is  returned  round  a  tightening  pulley  E,  4  feet 
diameter,  at  the  end  of  the  shop,  Fig.  1,  Plate  9,  carried  in  a 
horizontal  sliding  frame  F,  as  shown  to  a  larger  scale  in  Figs.  8  and  4, 
Phfcte  10.  To  this  frame  is  connected  a  weight  G,  Fig.  1,  for  the 
purpose  of  giving  the  requisite  tension  to  the  driving  cord,  and 
taking  up  any  stretching  or  temporary  variation  of  length  due  to 
change  of  load  or  weather.  The  tightening  frame  F  has  a  traverse 
across  ihe  end  wall  of  the  shop  giving  a  range  of  84  feet,  which 
takes  up  a  variation  in  the  length  of  the  cord  equal  to  twice  thai 
amount. 
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The  Traverser  is  shown  in  the  side  elevation  and  plan, 
Figs.  5  and  6,  Plate  11 ;  and  Figs.  7  and  8,  Plate  12,  are  transverse 
sections  at  the  end  and  at  the  centre.  ^  It  is  constmcted  of  two 
timber  beams  H  H,  trussed  with  wrought  iron  bars  ;  and  the  whole 
is  carried  bj  four  flanged  wheels  mounted  in  the  cast  iron  carriages 
into  which  the  ends  of  the  beams  H  are  fixed. 

The  Longitudinal  Driving  Gear  is  placed  at  J,  Figs.  5  and  6, 
Plate  11,  at  the  end  of  the  traverser,  and  is  shown  to  a  larger  scale 
in  Fig.  13,  Plate  14.  It  consists  of  a  double  friction-disc  K,  keyed 
on  the  vertical  spindle  of  the  driving  puUej  L  in  which  the  driTing 
cord  runs.  The  spindle  footstep  and  guide  M  are  carried  by  the 
double  lever  N,  which  is  connected  to  the  short  lever  on  the 
horizontal  shaft  O.  This  shaft  extends  across  the  whole  length  of 
the  traverser,  as  shown  at  O  0  in  Figs.  10  and  12,  Plate  13,  and  is 
under  the  control  of  the  attendant  by  means  of  the  lever  I  sliding 
on  the  shaft  along  with  the  crab,  whereby  the  friction  disc  K, 
Fig.  13,  is  raised  or  lowered  so  as  to  be  brought  in  contact  with  the 
friction  pulley  P  either  at  bottom  or  at  top,  according  to  the  direction 
in  which  the  traverser  is  required  to  move.  The  motion  of  the 
friction  pulley  P  is  reduced  by  the  worm  and  worm  wheel  and  spur 
gear  to  the  pinion  shaft  Q,  which  is  carried  across  the  traverser 
from  end  to  end  and  by  means  of  pinions  drives  the  carrying  wheels 
at  each  end  of  the  traverser.  Fig.  6.  The  frictional  surfaces  of  the 
driving  disc  K  are  composed  of  rings  of  alder  wood  cut  with  the 
fibre  on  end ;  the  edges  of  the  wood  rings  are  bevilled,  and  they 
are  secured  in  their  places  by  an  inner  iron  ring,  as  shown  black 
in  Fig.  13. 

The  pulleys  for  returning  the  driving  cord  from  the  frirther  end 
of  the  traverser  are  shown  separately  in  Fig.  17,  Plate  15.  They 
work  in  the  inclined  positions  shown,  in  order  that  the  cord  which 
has  passed  across  the  traverser  may  be  returned  at  1^  inch  lower 
level,  and  at  the  same  time  in  a  different  vertical  plane,  as  shown 
at  A.  This  is  done  in  order  to  facilitate  the  lowering  and  Hfting 
movements,  as  afterwards  described,  and  frirther  in  order  that  the 
two  cords  which  are  travelling  in  opposite  directions  may  not  rob 
against  each  other  by  the   swagging  of  either  of  them.     These 
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pulleys  are  keyed  upon  wrought  iron  spindles  running  in  long 
bearings,  whicb  are  placed  wholly  below  the  pulleys,  on  account  of 
the  small  amount  of  clearance  between  the  roof  principals  and  the 
pulleys,  only  2^  inches.  The  weight  of  the  pulley  and  spindle  is 
taken  by  a  brass  footstep.  The  bearings  are  of  cast  iron,  and  are 
cluunbered  at  the  top  for  the  convenience  of  oiling,  which  is  done  by 
raising  the  pulley  by  hand  until  the  spout  of  an  ordinary  oil  can  wiU 
reach  the  chamber.  In  the  event  of  the  cord  leaving  the  pulleys 
from  any  cause,  guards  are  provided,  as  shown  at  A,  in  order  to 
prevent  accident. 

The  Crab  of  the  traverser  is  shown  in  Figs.  9  to  12, 
Plates  12  and  13,  which  give  a  transverse  section,  a  longitudinal 
Bection,  and  a  plan.  It  consists  of  a  pair  of  cast  iron  frames, 
carrying  the  chain  barrel,  lifting  and  lowering,  and  traversing  gear ; 
the  whole  being  carried  upon  four  flanged  wheels  running  on  rails 
bolted  upon  the  traverser  beams  H  H« 

The  Lifting  and  Lowering  Gear  is  partly  shown  in  detail  to  a 
larger  scale  in  Fig.  14,  Plate  14.  The  double  grooved  pulley  R  is 
keyed  to  the  vertical  spindle,  and  is  put  in  motion  when  the  cord  is 
pressed  into  either  of  its  grooves  by  the  presser  pulleys  S  and  T. 
These  pulleys  are  of  cast  iron,  8  inches  working  diameter,  and 
are  mounted  on  short  wrought  iron  studs  tapped  into  the  radial 
arm  Z  on  which  they  are  carried,  as  shown  in  Figs.  15  and  16, 
Plate  14,  and  in  the  plans.  Figs.  11  and  12,  Plate  13.  The  heads  of 
tbe  studs  are  recessed  to  form  a  receptacle  for  oil,  Figs.  15  and  16, 
tbe  oiling  being  done  from  the  top,  through  a  hole  drilled  in  the 
stud  for  that  purpose.  When  at  rest  the  pulleys  are  clear  of 
tbe  cord,  and  are  therefore  only  runniag  when  work  is  being 
done.  The  stud  bearings  are  necessarily  short,  in  consequence  of 
the  small  amount  of  clearance  between  the  pulleys  and  the  roof 
tie-beams,  which  at  this  point  does  not  exceed  1|  inches,  as  seen  in 
Pigs.  9  and  10.  The  grooves  in  the  driving  pulley  R,  Fig.  14,  are 
of  different  diameters,  whereby  different  velocities  are  obtained,  the 
smaller  being  used  for  lowering  and  the  larger  for  lifting ;  and  as 
tbe  two  portions  of  the  driving  cord  are  running  constantly  in 
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opposite  direotions,  tbe  reyersing  is  obtained  by  simplj  pressing 
one  or  other  of  the  cords  into  contact  with  the  driving  pollej, 
by  the  pressor  pnlley  S  or  T,  on  the  same  side  of  the  diiving 
pnlley  in  both  cases,  with  a  pressure  proportionate  to  the  work  to 
be  done.  The  radial  arm  Z  carrying  the  pressor  pulleys  S  and  T 
turns  upon  the  spindle  A,  Fig.  14 ;  and  the  toothed  segment  B, 
which  is  part  of  the  same  casting  as  the  arm  Z,  gears  into  a  rack 
at  the  end  of  the  rod  C,  Fig.  11,  attached  to  the  hand  lever  D. 
The  lever  D  is  under  the  control  of  the  attendant,  and  is  held  in  its 
place  by  a  spring  catch  in  a  notched  sector. 

From  the  driving  pulley  R,  Figs.  9  and  12,  Plates  12  and  13, 
the  velocity  of  the  driving  cord  is  transmitted  and  reduced  througli 
the  worm  and  worm  wheel  U,  Fig.  12,  In  order  to  economise  space 
the  shaft  of  the  worm  wheel  U  is  carried  through  the  hollow  shaft  on 
which  the  chain  barrel  Y  and  its  spur  wheels  are  mounted.  The 
number  of  revolutions  is  ftirther  reduced  by  a  spur  pinion  and  wheel 
to  the  shaft  W,  on  which  slide  the  two  pinions  XX  of  different 
diameters,  gearing  alternately  into  the  spur  wheels  YY  also  of 
different  diameters,  which  are  keyed  to  the  chain  barrel  Y,  so  as  to 
give  a  greater  or  less  purchase  as  required  for  heavy  or  light  loads, 
the  ratio  of  difference  being  about  4  to  1. 

The  Cross  Traversing  Gear  E,  Fig.  12,  Plate  13,  is  similar 
in  principle  to  the  lifting  gear.  The  two  grooves  of  the  diiving 
pulley  F  are  however  of  the  same  diameter  in  this  case,  the  velocity 
of  traverse  being  the  same  in  both  directions.  The  pulley  F  is 
placed  on  the  opposite  side  of  the  driving  cord  to  tl^e  pulley  B  of 
the  lifting  gear,  so  that  the  cord  when  used  for  traversing  may  not 
foul  the  liftdng  pulley.  The  radial  arm  G  carrying  the  presser 
pulleys  belonging  to  the  driving  pulley  F  is  worked  by  a  rack  and 
segment  from  the  hand  lever  J,  Fig.  11,  which  is  adjacent  to  the 
hand  lever  D  of  the  lifting  and  lowering  motion. 

The  cross  and  longitudinal  traversing  movements  are  made  at 
the  rate  of  30  feet  per  minute.  The  heavy  loads  are  lifted  at 
the  rate  of  1  foot  7|  inches  per  minute,  and  the  light  loads  at  the 
rate  of  6  feet  5  inches  per  minute. 
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Fig.  24,  Plate  16,  is  a  transverse  section  of  tlie  wheel  shop 
containing  the  pair  of  Traversing  Jib  Cranes ;  and  Fig.  25  is  a 
plazi,  shortened  in  the  direction  of  the  length  of  the  shop.  Figs. 
26  and  27,  Plate  17,  are  a  vertical  section  and  front  elevation  of  one 
of  the  cranes.  Each  of  the  two  jib  cranes  A  A  has  a  radius  of  8^  feet, 
and  a  traverse  of  120  feet. along  a  single  rail  bolted  to  the  floor ; 
and  is  goided  at  the  top  by  a  pair  of  rolled  girders  B  B,  Fig.  27, 
of  an  »-i  section.  The  top  of  the  crane  carries  the  guide  roller  C, 
which  just  fits  in  between  the  two  girders  B  and  serves  to  support 
the  crane  laterally  when  lifting  on  either  side  of  the  rail.  The  driving 
cord  is  carried  down  the  shop  and  back  again,  as  indicated  by  the 
arrows  in  the  plan,  Fig.  25,  just  below  the  roof  tie-beams.  In  its 
course  it  is  passed  round  nearly  half  the  circumference  of  the  driving 
pulley  D  of  each  crane,  by  means  of  the  two  guide  pulleys  E  E,  the 
one  crane  being  driven  by  the  outgoing  cord  and  the  other  by  the 
return  cord.  The  guide  pulleys  E  are  carried  by  a  guide  bracket 
upon  the  top  of  the  crane  post,  Fig.  26,  and  traverse  with  the  crane. 
The  tightening  gear  F,  Fig.  25,  is  similar  in  its  action  to  that 
already  described  for  the  overhead  traverser. 

The  crane  is  constructed  of  the  plate  box-frame  G,  Figs.  26  and  27, 
Plate  17,  forming  the  base,  and  carrying  the  vertical  cast  iron 
pillar  H,  round  which  the  outer  casing  and  its  attached  jib  K  revolve. 
The  driving  pulley  D  is  keyed  to  the  vertical  shaft  I  passing  down 
the  centre  of  the  crane  post,  and  from  this  shaft  all  the  motions  are 
taken  by  means  of  frictional  gear.  The  lifting  and  lowering  gear  J, 
shown  to  a  larger  scale  in  Figs.  29  and  30,  Plate  18,  consists  of  the 
double  friction-cone  of  cast  iron  LL,  sliding  on  a  fast  key  on  the 
vertical  shaft  I,  and  moved  up  or  down  as  required  to  bring  the 
lower  or  upper  frictional  surfaces  into  contact  with  the  single 
friction-cone  M,  fr^m  which  the  motion  is  transmitted  and  reduced 
through  the  worm  wheel  and  train  of  spur  gear  to  the  chain  barrel, 
as  shown  at  J  in  Fig.  26.  The  whole  is  carried  by  the  cast  iron 
bracket  N,  which  is  bolted  to  the  outer  casing  of  the  crane  pillar 
and  revolves  with  jt.  The  bearings  for  the  driving  shaft  I  above 
and  bebw  the  double  friction-cone  L  are  of  cast  iron ;  but  the 
horizontal  worm-spindle  runs  in  a  brass  bush,  Fig.  29,  the  end 
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pressure  when  lifting  being  taken  by  the  collar  of  the  bush  and  the 
end  step.  The  driving  cones  are  raised  or  lowered  by  means  of  the 
double  lever  O  O  and  brass  clutches,  as  shown  in  the  plan,  Fig,  30, 
on  each  side  of  the  boss  of  the  lower  cone  L.  ^hese  levers  are 
placed  under  the  cones  instead  of  between  them,  in  order  that  any 
oil  thrown  off  the  collars  may  not  affect  the  frictional  surface.  The 
clutch  levers  are  connected  by  an  external  rod  to  the  hand  lever  P, 
Fig.  26,  at  a  convenient  height  for  the  man  working  the  crane. 

The  traversing  motion  shown  at  Q  in  Fig.  26,  Plate  17,  is  shown 
to  a  larger  scale  in  Fig.  31,  Plate  18.  It  is  similar  in  principle  to 
the  lifting  gear,  consisting  of  the  single  finction-cone  R  keyed  on 
the  bottom  of  the  vertical  driving  shaft  I,  which  communicates 
a  backward  or  forward  traverse  when  either  face  of  the  double 
cone  S  is  brought  into  driving  contact  as  required ;  the  motion  being 
transmitted  to  the  carrying  wheels  by  the  horizontal  shaft  T  through 
the  trains  of  worm  and  spur  gear  indicated  in  Fig.  26.  The 
traversing  gear  is  applied  to  both  the  carrying  wheels  in  order  that 
there  may  be  sufficient  adhesion  when  the  load  overhangs  either  end 
of  the  crane,  which  would  not  be  the  case  if  only  one  wheel  were 
driven  and  the  load  overhung  the  opposite  end  of  the  crane. 
The  double  cone  S  is  moved  along  the  horizontal  shaft  T  by 
clutch  levers  U,  Fig.  31,  in  a  similar  manner  to  the  lifting  and 
lowering  gear,  the  clutch  being  worked  by  the  hand  lever  V,  Fig.  26. 
The  double  cones  S,  Fig.  31,  are  of  cast  iron:  but  the  driving 
cone  R-  is  composed  of  a  cone  of  alder  wood,  which  is  fSastened 
by  lock  nuts  and  studs  to  a  wrought  iron  disc  screwed  on  the 
coned  end  of  the  vertical  shaft  I,  as  shown  in  the  section.  Fig.  32. 
The  traversing  gear  is  carried  by  the  bracket  W,  Fig.  31,  which  is 
bolted  to  the  foot  of  the  centre  pillar  H,  Fig.  26.  The  bearings  of 
the  horizontal  shaft  T  are  of  cast  iron ;  and  the  bearing  of  the  foot 
of  the  driving  shaft  I  is  of  brass,  the  weight  of  the  shaft  being  taken 
by  the  collar  of  the  bush,  on  which  rest  the  lock  nuts  screwed  on 
the  shaft  at  that  point,  as  shown  in  Fig.  31,  forming  an  adjustable 
collar  for  taking  up  the  wear  and  keeping  the  driving  pulley  D, 
Fig.  26,  at  the  right  level  for  the  driving  cord.  The  horizontal 
shaft  T  is  carried  at  the  ends  by  cast  iron  brackets,  with  brass 
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bnshes  to  take  the  end  thrust  in  traversing :  the  worms  are  pinned 
on  the  shaft. 

The  jib  K  of  the  crane,  Figs.  26  and  27,  Plate  17,  is  formed 
of  two  wronght  iron  bars,  stiffened  laterally  by  diagonal  trussing, 
and  tied  at  the  projecting  end  to  the  outer  pUlar  of  the  crane  by 
two  tie  rods.  The  bottom  pressure  of  the  jib  is  taken  by  the 
roller  X,  which  is  carried  in  a  cast  iron  box  bolted  between  the 
projecting  sides  of  the  onter  casing  of  the  crane,  and  rnns  on  the 
bevilled  base  of  the  cast  iron  crane  pillar  H.  The  base  G  of  the 
crane  is  sufficiently  long  to  secure  its  stability  when  the  maximum 
load  is  lifted  over  the  rail,  or  lengthways  of  the  crane  base. 

In  these  cranes,  owing  to  the  high  speed  at  which  the  driving 
cord  nms,  the  power  is  applied  at  a  very  long  leverage  over  the  load 
to  be  lifted.  The  velocity  of  the  cord  is  in  all  cases  5000  feet  per 
minute ;  and  in  the  overhead  traversers  the  heavy  loads  are  lifted  at 
the  rate  of  1  foot  7^  inches  per  minute,  the  total  leverage  being 
slightly  over  3000  to  1 ;  so  that  in  this  case  the  driving  power 
required  to  lift  the  maximum  load  of  25  tons  is  only  18  lbs. 
irrespective  of  friction.  When  lifting  light  loads  with  the  traversers 
the  speed  of  Iiftdng  is  increased  to  6  feet  5  inches  per  minute,  being 
a  leverage  of  nearly  800  to  1 ;  and  in  the  jib  cranes  of  the  wheel 
shop,  which  lift  up  to  4  tons,  the  speed  of  lifting  is  5  feet  1^  inches 
per  minute,  giving  a  leverage  of  nearly  1000  to  1.  The  actual 
power  required  in  the  traversers  for  lifting  a  load  of  9  tons,  besides 
the  snatch  block  and  chain,  has  been  found  to  be  17  lbs.  acting  - 
at  the  circumference  of  the  driving  pulley  at  the  point  where  the 
driving  cord  acts  upon  it ;  and  the  total  leverage  over  the  load 
being  3000  to  1,  the  portion  required  to  sustain  the  load  is  6  lbs., 
leaving  11  lbs.  as  the  working  power  required  to  overcome  the 
friction  of  the  crab  gear  under  that  load.  The  crab  when  unloaded 
ia  found  to  require  a  driving  power  of  1^  lbs.  to  overcome  its  friction. 

The  tightening  weight  G,  Figs.  1  and  2,  Plate  9,  for  the  repairing 
shop  traverser,  is  218  lbs.,  or  109  lbs.  on  each  half  of  the  driving 
cord;  and  this  is  found  to  be  about  the  best  working  strain,  for 
keeping  the  rope  steady  and  giving  the  required  hold  on  the  main 
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driying  pnllej  and  the  horizontal  pnlleys  of  the  crab.  The  limit  of 
the  weight  G  ia  that  required  to  give  steadiness  to  the  transrerse 
portion  of  the  cord  situated  between  the  crab  pulleys  and  the  end  of 
the  traverser,  which  is  unsupported  for  a  length  of  about  30  feet 
when  the  crab  is  close  to  one  end  of  the  traverser. 

The  driving  cords  employed  are  soft  white  cotton  cords,  f  inch 
diameter  when  new,  and  weighing  about  1|  ounce  per  foot :  they 
soon  become  reduced  to  9-16ths  inch  by  stretching,  and  are  found 
to  last  about  eight  months  in  constant  work.  In  the  overhead 
traverser  which  has  been  in  constant  work  in  the  boiler  shop  for 
about  three  years  with  a  single  crab  arranged  to  lift  6  tons,  a 
smaller  cord  of  about  f  inch,  diameter  was  originally  used;  it 
was  however  found  desirable  to  adopt  a  cord  of  ^  inch  diameter 
afterwards.  The  total  length  of  each  of  the  two  driving  cords  in 
the  repairing  shop  is  800  feet,  in  the  wheel  shop  820  feet,  and 
in  the  boiler  shop  560  feet.  The  wear  and  tear  of  the  cord  is 
considered  to  be  mainly  influenced  by  the  bends  to  which  it  is 
subjected  in  its  course ;  and  the  pulleys  over  which  it  is  bent  are 
therefore  made  none  of  them  less  than  18  inches  diameter  or  aboat 
30  times  the  diameter  of  the  cord,  excepting  only  the  presser 
pulleys  of  8  inches  diameter  for  pressing  the  cord  into  the  groores 
of  the  driving  pulleys  in  the  overhead  traversers.  In  the  jib  cranes 
the  cord  has  eleven  bends  at  all  times,  whether  the  two  cranes  are 
working  or  not ;  and  in  the  repairing  shop  traversers  the  cord  has 
twelve  bends  when  both  cranes  are  not  working,  sixteen  when  hoih 
are  lifting  or  cross  traversing  alone,  and  twenty  when  both  cranes 
are  cross  traversing  and  also  lifting. 

The  groove  of  the  driving  pulleys  is  made  V  shaped  at  an  angle 
of  30  degrees,  and  smaller  at  the  bottom  than  the  cord,  as  shown  in 
the  full  size  section.  Fig.  21,  Plate  15,  so  that  the  cord  is  gripped 
between  the  inclined  sides  and  does  not  reach  the  bottom  of  the 
groove.  In  the  guiding  pulleys  the  groove  is  made  half  round  at 
the  bottom,  with  the  same  radius  as  the  section  of  the  cord,  as  shown 
in  the  full  size  section,  Fig.  22;  and  in  the  presser  pulleys  the 
bottom  of  the  groove  is  rounded  out  with  rather  a  longer  radius,  as 
shown  full  size  in  Fig.  23. 
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The  cord  ia  sapported  at  interyals  of  12  to  14  feet  by  fixed 
Blippers  of  a  plain  trough  section,  in  which  it  lies  whilst  ronning, 
as  shown  in  Figs.  18  and  19,  Plate  15,  and  Pig.  28,  Plate  17. 
They  are  of  cast  iron,  flat  in  the  bottom  which  is  If  inch 
wide,  and  with  side  flanges,  as  shown  in  the  AlU  size  section. 
Fig.  20 ;  the  ends  are  beU-monthed,  as  shown  in  Fig.  19.  These 
slippers  are  fixed  1^  inches  below  the  working  level  of  the  cord 
on  the  driying  side,  as  shown  in  Figs.  18  and  28,  so  that  the 
driving  wheels  pass  clear  above  the  slippers  in  the  traversing  of  the 
cnne,  and  lift  a  portion  of  the  cord  ont  of  them  snocessively  in 
passing. 

In  experiments  made  with  a  number  of  slippers  carrying  different 
weights  the  friction  between  the  cord  and  the  slipper  was  found  to 
be  about  two-fifths  of  the  load ;  but  as  the  total  weight  of  that 
portion  of  the  cord  which  rests  on  slippers  is  only  50  lbs.  and  the 
whole  friction  consequently  amounts  to  only  20  lbs.,  it  ia  not 
considered  worth  while  to  complicate  the  system  by  the  introduction 
of  pulleys  for  supporting  the  cord.  No  care  in  oiling  is  required 
as  regards  these  bearing  slippers  used  in  transmitting  the  power 
along  the  shop,  as  is  the  case  in  the  power  cranes  driven  by 
continuous  longitudinal  shafting  where  tumbling  carriers  are 
required,  or  where  heavy  cords  at  low  velocities  are  used,  requiring 
carrying  pulleys,  the  bearings  of  which  need  regular  oiling.  By 
means  of  pull  cords  passing  from  end  to  end  of  the  shop,  the  main 
drivmg  gear  for  each  pair  of  traversers  can  be  stopped  at  any  time 
by  the  men  working  the  traversers ;  so  that  when  the  cranes  are 
not  working,  the  whole  of  the  high  speed  gearing  stands  idle. 

The  diameter  of  the  worm  wheel  U  of  the  lifting  gear  in  the 
25  ton  traversers.  Fig.  14,  Plate  14,  is  24^  inches  at  the  pitch  line, 
and  this  is  driven  by  a  worm  8  inches  diameter  at  the  pitch  circle 
with  1  inch  pitch,  the  inclination  of  the  threads  of  the  worm  to  the 
axis  of  the  worm  wheel  being  1  in  9^  (1  in  9 '4).  This  is  found  to 
be  safely  within  the  angle  of  friction,  so  that  the  worm  will  not  slip 
back  with  any  weight  that  it  has  to  lift;  and  it  thus  afibrds  a 
complete  means  of  holding  up  the  weight  at  any  point  without  the 
use  of  a  break,  and  of  lifting  or  lowering  it  instantly  without  the 
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slightest  jerk.  The  pitch  of  the  worms  has  however  been  bo 
arranged  that  in  lowering  but  little  power  is  required  fiuther 
than  to  put  the  gearing  in  motion.  The  speed  of  the  worms  at 
the  pitch  line  is  883  feet  per  minute  for  the  lifting  gear  of  the 
25  ton  traverser,  and  486  feet  per  minute  in  the  jib  crapes.  The 
pressure  on  the  teeth  of  the  worm  wheel  in  the  traverser,  when 
lifting  the  maximum  load  of  25  tons,  is  9^  cwts. ;  and  in  the  jih 
crane,  when  lifting  the  load  of  4  tons,  it  is  7|  cwts.  In  the 
practical  working  of  the  25  ton  traversers  however  the  strain  seldom 
exceeds  one  half  the  above  amount,  since  in  lifting  locomotire 
engines  the  two  crabs  are  usuallj  employed  in  conjunction,  for 
&cilit7  in  slinging  the  engine. 

The  action  of  these  cranes  is  very  smooth  and  easy,  and  all 
the  movements  are  readily  under  control. 


Mr.  Ramsbottom  showed  one  of  the  cast  iron  slippers  for  carrying 
the  driving  cord  of  the  crane,  together  with  a  piece  of  the  cotton 
cord  employed  for  the  purpose,  and  also  a  piece  that  had  been 
working  on  the  25  ton  crane ;  it  had  not  been  in  use  many  months, 
but  was  calculated  from  present  experience  to  last  about  eight 
months  before  requiring  renewal. 

The  Chairman  enquired  how  long  the  cranes  had  been  in  use,  and 
what  was  the  reason  for  making  the  traversing  cranes  with  wood 
trussed  beams  instead  of  wrought  iron  girders. 

Mr.  Ramsbottom  replied  that  the  jib  crane  in  the  wheel  shop  had 
been  in  use  three  years,  and  the  traversing  crane  about  four  months. 
The  traversing  cranes  were  made  with  wood  trussed  beams  merely 
to  correspond  in  character  with  the  cranes  already  employed  in  the 
shop.  If  all  the  cranes  had  now  to  be  constructed  afresh,  no  doubt 
iron  would  be  used  throughout  in  preference  to  wood.  One  point  of 
great  importance  to  the  success  of  the  crane  had  been  to  ensuitJ  aU 
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the  pulleys  being  completely  in  balance,  that  tbey  might  run 
perfectly  smooth  and  steady  at  the  high  velocities  at  which  they  had 
to  be  driven.  This  was  done  by  balancing  them  carefully  on  a  pair 
of  parallel  straight  edges,  adjusting  their  weight  by  a  little  filing 
and  scraping,  till  they  would  remain  at  rest  in  any  position 
indiJOTerently,  and  when  so  adjusted  they  worked  with  great 
smoothness  and  steadiness.  Without  this  complete  balancing  of 
the  pulleys,  the  crane  would  have  been  a  failure.  In  the  jib  cranes 
the  driving  pulleys  of  the  lifting  motion  made  as  much  as  1000 
revolutions  per  minute ;  and  it  was  by  that  means  that  the  required 
power  was  obtained  from  so  hght  a  driving  cord,  and  by  simple 
contact  of  the  cord  with  the  pulleys,  without  its  taking  a  turn  round 
them.  The  friction  cones  for  the  travelling  movement  were  made 
with  hard  wood  surfaces,  which  were  found  to  give  a  better  bite 
than  metal  on  metal ;  and  there  had  been  no  difficulty  in  transmitting 
by  them  the  full  power  required. 

Mr.  J.  Febnie  had  had  an  opportunity  of  seeing  the  cranes  in 
use,  and  was  greatly  pleased  with  their  construction  and  action. 
The  jib  crane  was  most  convenient  for  taking  a  pair  of  wheels  out  of 
the  lathe  and  conveying  it  to  any  other  spot  with  the  least  possible 
tronble ;  and  the  traversing  crane  also  was  of  great  advantage  for 
lifting  an  entire  engine  and  shifting  it  from  one  line  of  rails  to 
another.  He  enquired  whether  any  provision  was  made  for 
preventing  the  driving  cord  from  slipping  off  the  several  pulleys 
over  which  it  passed,  and  whether  any  accident  had  occurred  from 
that  cause  or  from  the  rope  breaking. 

Mr.  Ramsbottom  replied  that  one  accident  had  occurred  with  the 
6  ton  crane  in  the  boiler  shop  not  long  aft;er  it  began  to  be  used,  in 
consequence  of  the  driving  cord  slipping  off  one  of  the  pulleys,  and 
sweeping  the  man  off  the  crane  platform.  Now  however  guards  had 
been  added  to  the  pulleys,  as  shown  in  the  drawings,  to  catch  the 
cord  in  the  event  of  its  slipping  off,  so  as  to  prevent  such  an 
occurrence  happening  agaia. 

The  Chaikman  enquired  what  saving  in  labour  had  been  effected 
in  the  wheel  shop  by  the  use  of  the  new  crane  in  place  of  the 
ordinary  cranes  used  for  such  purposes. 
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Mr.  Ramsbottom  replied  that  there  were  previously  two  dozen 
pairs  of  blocks  and  ropes  employed  in  the  wheel  shop,  requiring  a 
large  number  of  labourers  to  work  them;  whilst  now  the  two 
traversing  jib  cranes  alone,  with  two  men  to  work  them,  did  the 
whole  work  of  the  shop  and  very  much  quicker  than  before ;  and 
£300  a  year  was  saved  in  the  piecework  pripes  of  the  work  done  in 
that  shop  alone  by  the  use  of  the  new  cranes. 

The  Chairman  asked  whether  any  difficulty  had  been  found  from 
the  dust  of  the  shops  acting  upon  the  cotton  driving  cord. 

Mr.  Ramsbottom  replied  there  had  been  no  difficulty  from  tliat 
cause :  the  cord  was  rubbed  over  at  first  with  a  little  tallow  and  wax, 
and  gave  no  trouble  afterwards.  It  had  been  a  question  requiring 
some  consideration  in  the  first  instance,  what  material  should  be 
used  for  the  cord ;  whether  leather,  cotton,  catgut,  or  hemp.  He 
thought  however  nothing  was  so  suitable  for  the  purpose  as  a 
good  cotton  rope,  properly  made,  on  account  of  its  lightness  and 
suppleness.  In  using  catgut  the  hook  and  eye  forming  the  joint 
would  give  a  very  objectionable  blow  in  passing  over  the  pulleys  at 
the  high  speed  of  running  that  was  required. 

Mr.  R.  WiLLUMS  asked  whether  there  was  any  difficulty  in 
splicing  the  cotton  rope. 

Mr.  Ramsbottom  had  not  found  any  difficulty  arise  in  splicing  the 
cotton  rope:  in  cotton  spinning  machinery  it  was  regularly  done, 
and  a  good  workman  would  make  a  splicing  which  could  scarcely  be 
distinguished  fr^m  the  body  of  the  rope  itself. 

The  Chairman  enquired  whether  there  had  been  any  trouble  witb 
the  slippers  in  which  the  driving  cord  was  supported  between  the 
puUeys  ;  and  what  form  of  slipper  had  been  found  best. 

Mr.  Ramsbottom  said  he  had  first  used  a  brass  slipper,  made 
narrower  at  the  bottom  than  at  the  top  and  not  giving  the  cord  much 
room  to  play;  but  that  shape  did  not  answer,  as  the  metal  was 
found  to  become  cut  away  too  rapidly.  Now  however  the  slippers 
were  made  wider  and  flat  bottomed,  giving  the  rope  free  play,  as  it 
was  found  not  at  all  necessary  to  confine  it  laterally.  The  metal 
now  employed  was  also  cast  iron  with  the  sur^e  chilled,  the 
dulled  surface  being  smooth  enough  vrithout  any  polishing:  the 
friction  was  also  less  than  with  brass  slippers. 
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The  Chairhan  enquired  whether  the  25  tons  load  was  allowed  to 
descend  freely  in  lowering  the  crane,  and  how  the  speed  waa  checked 
in  its  descent. 

Mr.  Ramsbottom  replied  that  the  load  descended  by  its  own 
weight  after  being  once  started,  and  the  speed  was  checked  simply 
by  applying  the  driving  cord  to  the  pnlley  of  the  winding  drum, 
when  a  very  slight  pressure  of  the  cord  in  the  V  groove  of  the 
pnlley  was  sufficient  to  control  the  motion. 

The  Chairman  enquired  whether  any  experiments  had  been  made 
to  ascertain  the  actual  friction  of  the  crab  in  the  traversing  crane. 

Mr.  Ramsbottom  replied  that  he  had  tried  experiments  upon  the 
friction  of  the  crab  by  attaching  a  small  cord  to  the  driving  pulley, 
giving  it  a  few  turns  round  the  pulley  and  carrying  it  over  a  fixed 
pulley  so  that  weights  could  be  hung  on.  It  was  then  found  that 
with  a  load  of  8^  tons  on  the  crab  it  required  17  lbs.  weight  at  the 
driving  pulley  to  start  this  load  in  raising  it.  The  theoretical 
power  required  at  the  driving  pulley  to  balance  the  load  of  8^  tons 
was  6  lbs.,  showing  that  the  friction  of  the  worm  and  the  rest  of 
the  gearing  was  11  lbs.  in  that  case,  or  nearly  twice  the  theoretical 
power.  The  greater  friction  of  the  new  crane  as  compared  with 
ordinary  cranes  was  indeed  its  only  drawback ;  but  that  was  more 
than  compensated  for  by  the  simplicity  of  construction  of  the  new 
crane,  and  the  &ct  that  in  consequence  of  this  increased  friction  it 
required  no  break  to  hold  the  load,  which  was  an  important 
advantage  over  the  old  cranes.  Moreover  if  the  cord  were  driven 
at  a  much  lower  velocity,  in  order  to  reduce  the  friction  by 
diminishing  the  multiplying  power  of  the  crane,  it  would  be 
necessary  to  put  a  much  higher  tension  upon  the  cord,  which  would 
then  have  a  tendency  in  the  present  arrangement  of  the  driving 
gear  to  throw  the  crane  out  of  line  and  cause  it  to  run  off  the  rails. 
It  was  therefore  important  to  adhere  to  the  high  velocity  of  driving 
cord  that  had  been  already  adopted. 

Mr.  E.  A.  CowPBR  observed  that  a  light  driving  cord  was  the 
only  plan  compatible  with  a  high  speed  of  driving,  as  a  heavy  cord 
or  chain  would  soon  wear  out  by  its  own  weight.  The  mode  of 
reversing  the  motion,  by  merely  deflecting  the  driving  cord  into  one 
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or  other  of  the  two  grooves  of  the  driving  pnlleys,  was  exceedingly 
simple  and  efficient ;  and  the  arrangement  was  also  very  simple  for 
increasing  the  length  of  surface  of  contact  of  the  cord  with  the 
pulley  to  meet  the  requirements  of  a  heavier  load.  He  enqmied 
whether  the  weight  of  17  lbs.  at  the  driving  pulley  in  the  experimeat 
that  had  been  described  was  sufficient  to  start  the  crane. 

Mr.  Ramsbottom  replied  that  the  weight  of  17  lbs.  at  the  driving 
pulley  of  the  crane  was  just  insufficient  to  start  the  load  of  8|  tons 
on  the  crab  from  a  state  of  rest,  but  if  once  started  it  would  keep 
it  going,  the  theoretical  force  required  to  balance  that  load  bemg 
only  6  lbs. 

Mr.  E.  A.  CowPER  remarked  that  the  friction  of  the  crane  in  the 
experiment  was  illustrated  by  the  skidding  of  an  engine  on  the  rails 
when  the  wheels  had  once  started  slipping ;  and  probably  in  the 
case  that  had  been  described  the  actual  friction  of  the  crane  when 
once  in  motion  was  not  much  more  than  6  lbs.  in  addition  to  the 
theoretical  power  required  to  balance  the  load  of  8  J  tons ;  while 
from  that  force,  12  lbs.,  up  to  17  lbs.  at  the  driving  pulley  the  crane 
would  either  run  or  stand.  He  enquired  whether  the  jib  cranes  m 
the  wheel  shop  were  balanced  by  a  load  of  ballast  on  the  toil  of 
the  crane. 

Mr.  Ramsbottom  replied  that  the  jib  cranes  were  not  counte^ 
balanced,  the  weight  of  the  frame  itself  being  sufficient  to  steady  the 
crane  under  the  heaviest  loads  it  had  to  lift. 

Mr.  E.  H.  Carbutt  enquired  whether  the  cranes  made  mnch 
noise  in  working,  on  account  of  their  high  speed.  He  had  seen  a 
crane  of  similar  construction  at  work  in  a  foundry,  and  the  noise  it 
made  was  very  objectionable. 

Mr.  Ramsbottom  thought  the  noise  in  that  ease  must  have  arisen 
from  a  want  of  balance  in  the  moving  parts ;  but  in  the  present 
cranes,  vrith  the  driving  pulleys  all  properly  balanced,  there  was  no 
objection  from  noise,  the  cranes  working  very  smoothly  and  quietly. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Ramsbottom  for 
his  paper,  which  was  passed. 


The  Meeting  then  tenninated. 
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6  May,  1864. 


The  General  Meeting  of  the  Members  was  held  at  the  honse 
of  the  Institation,  Newhall  Street,  Birmingham,  od  Thursday, 
5th  May,  1864;  John  Ramsbottom,  Esq.,  Vice-President,  in  the 
Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following 
New  Members  were  duly  elected  : — 


MEMBERS 

William  Coddington, 

Zerah  Colburn,  . 

Edward  Crowe, 

John  DfivnaroRST,. 

Thomas  Frost, 

Richard  Heathfield,  . 

Thomas  Henrt  Mattdslat, 

Sampson  Moore,  . 

Colonel  M.  Said,  Bet,  . 

John  Sanderson, 

John  Seddon,  . 

James  Folliott  Stokes, 

Bernard  Peard  Walker, 

Isaiah  White, 

Thomas  William  Worsdell, 


Blackburn. 

London. 

Middlesborough. 

Sheffield. 

Derby. 

Birmingham. 

London. 

Liverpool. 

London. 

Whitehaven. 

Wigan. 

Shrewsbury. 

Wolverhampton. 

Seville,  Spain. 

Birmingham. 

M 
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HONORARY   MEMBERS. 


Joseph  W.  Branson,  .  Birmingham. 

Joseph  Wells  Hornblower,  .         .    Birmingham. 
David  Murray,    ....         Birmingham. 


The  following  paper,  communicated  through  Mr.  Charles  F. 
Beyer  of  Manchester,  was  then  read  : — 
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DESCRIPTION    OP 
HARRISON'S    CAST    IRON    STEAM    BOILER. 


By  Mb,  ZEBAH  COLBUBN,  op  London. 


The  importance  of  high  pressure  steam  as  a  condition  of  steam 
engine  economy  has  long  been  understood.  Trevithiok  as  early  as 
1804  worked  an  engine  at  what  was  then  regarded  as  an  enormous 
pressure,  50  lbs.  per  square  inch.  His  American  contemporary, 
OKver  Evans,  recommended  a  still  greater  pressure,  150  lbs.  per 
square  inch,  cut  off  at  one  third  of  the  stroke;  and  from  the  records  of 
the  department  for  supplying  Philadelphia  vrith  water,  it  appears 
that  Evans  actually  employed  not  only  this  pressure,  but  stiU  higher 
pressures,  on  the  large  scale  of  pumping  engines.  In  1817  one  of  his 
engines  was  started  at  the  Fairmount  Waterworks,  Philadelphia^ 
and  was  worked  regularly  at  from  194  to  220  lbs.  per  square  inch ; 
the  engine  cylinder  was  20  inches  diameter  and  the  stroke 
of  the  piston  5  feet,  the  usual  working  speed  being  25  revolutions 
per  minute ;  steam  was  supplied  from  four  cylindrical  boilers, 
30  inches  diameter  and  24  feet  long,  fired  externally.  A  Boulton 
and  Watt  engine  of  44  inch  cylinder  and  6  feet  stroke  had  been 
started  two  years  previously  at  the  same  waterworks,  having  a 
cast  iron  boiler  with  vertical  wrought  iron  flues,  "^th  a  steam 
pressure  of  only  2^  to  4  lbs.  per  square  inch.  Both  these  engines 
pumped  through  a  16  inch  main,  239  feet  long,  into  a  reservoir 
102  feet  above  the  level  of  supply.  Trials  of  twenty  four  hours* 
duration  showed  that  the  low  pressure  engine  had  rather  the 
advantage  over  the  other  in  point  of  economy ;  the  former  pumped 
into  the  reservoir  in  twenty  four  hours  1,763,104  gallons  of  water 
with  a  consumption  of  896  cubic  feet  of  wood,  being  1968  gallons 
per  cubic  foot ;  while  the  high  pressure  engine,  in  raising  3,124,891 
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gallons  throagh  the  same  main,  consumed  1664  oubic  feet  of  wood, 
or  at  the  rate  of  1878  gallons  per  cubic  foot. 

Steam  of  rather  more  moderate  pressures  than  Evans  employed, 
or  of  about  100  lbs.  per  square  inch,  continued  subsequently  to  be 
employed  in  America,  notwithstanding  the  frequent  explosions  of 
high  pressure  boilers.  In  England  the  boilers  for  Trevithiok*B 
engines  were  made  of  large  diameter  and  of  cast  iron ;  and  many  of 
them  were  made  at  the  Bridgenorth  Foundry  with  an  interna] 
diameter  of  8  feet,  and  in  8  feet  lengths,  which  were  connected 
together  by  flanges  and  bolts  up  to  any  length  required.  Such 
boilers  were  unquestionably  dangerous,  although  many  wrought  iron 
boilers  of  equal  or  greater  diameter  and  probably  of  less  strength 
are  worked  up  to  the  same  pressure  now.  An  ocoafiional  explosion 
of  a  Trevithick  boiler,  and  the  influence  which  the  practice  of 
Boulton  and  Watt  then  exercised,  soon  occasioned  a  general  retnm 
to  low  pressures,  except  in  Murray's,  Stephenson's,  and  Hedley's 
locomotives,  which  were  worked  regularly  at  50  lbs.  per  square 
inch. 

Within  the  last  thirty  flve  years  however,  or  in  fact  coincident 
with  the  progress  of  improvements  in  boiler  making,  there  has 
been  a  corresponding  tendency  to  return  to  high  pressures.  The 
locomotives  on  the  Liverpool  and  Manchester  Railway  worked  in 
1830  with  steam  of  50  lbs. ;  by  1843,  pressures  of  75  lbs.  and 
80  lbs.  had  become  common  upon  railways ;  100  lbs.  to  110  lbs. 
was  regularly  maintained  in  1851 ;  and  at  the  present  time  120  lbs. 
is  the  usual,  and  160  lbs.  an  occasional  pressure  in  locomotive 
boilers.  The  last  named  pressure  is  not  very  much  below  that 
recommended  for  locomotives  by  the  late  Jacob  Perkins,  nearly 
thirty  years  ago,  who  preferred  steam  of  200  lbs.  cut  off  at 
one  eighth  of  the  stroke.  In  marine  engines  an  ordinary  working 
pressure  of  25  lbs.  has  been  reached,  while  some  of  the  Liverpool 
and  Montreal  vessels  are  worked  at  40  lbs.,  and  the  Pacific  Mail 
steamers  at  50  lbs.  per  square  inch.  For  ordinary  land  engines 
even  100  lbs.  pressure  has  been  adopted  in  many  cases ;  and  this 
and  still  higher  pressures  are  already  employed  by  some  makers  of 
portable  and  traction  engines. 
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Although  the  coiiBtmotion  of  boilers  has  been  muoh  improved, 
in  order  that  higher  and  higher  pressures  might  be  maintained,  it  is 
certain  that  great  room  for  improvement  is  yet  left.  The  old  boiler 
fired  eztemallj  is  objectionable;  while  for  internal  firing  it  is 
necessary  either  to  have  a  firebox  and  tubes,  or  to  have  fines  large 
enongh  to  allow  the  fireplaces  to  be  formed  within  them.  The 
multitubular  boiler,  unless  supplied  with  ^od  water,  requires  much 
care  to  prevent  choking  with  scale ;  and  its  repairs  are  in  all  cases 
greater  than  those  of  the  Cornish  and  Lancashire  boilers.  The 
Lancashire  or  two-flued  boiler  is  that  most  used  in  the  manu&cturing 
districts;  but  its  diameter  is  necessarily  so  large  as  to  render  it 
imprudent  in  most  cases  to  load  it  with  steam  of  much  more  than 
50  lbs.  pressure,  and  this  is  not  the  high  pressure  to  which  present 
steam  engine  practice  is  tending.  A  diameter  of  7  feet  is  common 
for  Lancashire  boilers ;  and  if  made  of  -^  inch  Stafibrdshire  plates, 
single-rivetted,  their  bursting  pressure  may  be  taken  as  333  lbs,  per 
square  inch.  This  estimate  is  made  upon  Mr.  Fairbaim's  usual 
allowance  of  a  loss  of  44  per  cent,  in  the  strength  of  the  solid 
plate  at  single-rivetted  seams ;  and  the  estimate  of  course  assumes 
that  no  fiaws  are  hidden  in  the  iron,  and  that  the  workmanship  is 
good,  the  rivetting  being  fibirly  done  so  that  the  boiler  shall  not 
have  been  injured  by  the  use  of  the  drifting  tool.  This  then  is  the 
limit  of  strength  when  the  boOer  is  new ;  and  it  would  be  manifestly 
imprudent  to  press  to  more  than  50  lbs.  or  at  the  utmost  70  lbs.  a 
boiler  which  was  certain  to  burst  at  833  lbs.,  and  to  be  permanently 
injured  by  a  much  lower  pressure.  It  is  shown  moreover  by  the 
reports  of  the  Manchester  Boiler  Association  that  many  boilers  are 
subject  to  weakening  from  corrosion  or  furrowing  of  the  plates. 
A  leakage  of  steam,  however  slight,  from  any  part  of  the  boiler  into 
the  adjacent  setting  is  almost  certainly  attended  with  corrosion. 
Condensed  steam,  that  is  distilled  water,  appears  to  exercise  a  strong 
solvent  power  upon  iron,  as  is  known  in  the  cases  of  boilers 
supplied  with  very  soft  water  or  peat  water  or  more  especially  those 
fed  with  water  from  surface  condensers.  As  has  been  shown  in  the 
case  of  several  recent  boiler  explosions,  the  thickness  of  boiler 
plates  is  often  wasted  nearly  through  by  unsuspected  corrosion. 
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This  soTurce  of  danger  to  a  certaiii  extent  neutralises  tlie  means 
occasionally  resorted  to  for  secnring  great  strength  in  boilers,  mcli 
as  the  use  of  steel  or  homogeneous  metal  plates,  double  riyettang, 
thick-edged  plates,  welded  joints,  Sdc. 

Whenever  a  failure  unhappily  occurs  in  the  plates  or  rivetting  of 
a  boiler,  the  destructive  effect  appears  to  depend,  not  merely  upon 
the  pressure  under  which  the  fitilure  takes  place,  but  also  and 
probably  still  more  upon  the  quantity  of  water  contained  in  the 
boiler.  The  effect  of  the  boiling  water  in  an  explosion  may  be 
considered  as  analogous  to  that  of  gunpowder  ;  and,  as  in  the  case 
of  gunpowder,  the  effect  is  proportionate  to  the  quantity  exploded. 
It  is  preferable  therefore,  while  increasing  the  strain  upon  boilers  by 
increasing  the  pressure  of  the  steam,  to  diminish  at  the  same  time 
the  quantity  of  water  contained  in  them ;  doing  so  of  course  without 
exposing  any  part  of  the  boiler  to  the  direct  action  of  the  fire  on 
one  side  of  the  plates  where  there  is  no  water  present  on  the  other. 
In  a  large  Lancashire  boiler  the  object  of  carrying  so  much  as  from 
15  to  20  tons  of  water  is  mainly  to  ensure  that  all  the  heating 
surflaces  shall  be  fairly  covered;  and  with  this  construction  of 
boiler  a  smaller  quantity  of  water  will  not  answer  that  purpose, 
A  certain  body  of  water  is  indeed  necessary  to  prevent  sudden 
fluctuations  in  the  pressure  of  steam ;  but  in  the  majority  of  cases  a 
few  hundred  gallons  at  most  is  quite  enough  for  this  purpose  ;  and 
especially  where  means  are  employed  for  drying  or  superheating  the 
steam,  there  will  be  neither  sudden  alterations  in  the  pressure  nor 
difficulty  in  respect  of  priming,  even  where  only  a  small  bodj  of 
water  is  maintained  in  a  boiler  and  where  the  water  level  or  surfitce 
from  which  the  steam  rises  is  of  but  small  area.  Moreover  it  shoxdd 
not  be  forgotten  that  with  all  steam  boilers  the  whole  or  nearly  the 
whole  of  the  fuel  employed  in  raising  steam  from  cold  water  at 
starting  is  lost  when  the  boiler  stops  work  at  the  end  of  the  week, 
especially  where  the  boiler  has  then  to  be  blown  out.  To  heat 
20  tons  of  water  from  its  ordinary  temperature  in  the  open  air  to 
300°  Fahr.,  the  temperature  corresponding  to  a  steam  pressure  of 
50  lbs.  per  square  inch,  will  seldom  take  less  than  15  cwts.  of  coal, 
in  addition  to  that  lost  in  heating  the  brickwork  setting  of  the  boiler. 
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On  this  account  therefore  it  is  desirable  to  work  boilers  with  as  small 
a  quantity  of  water  as  will  suffice  for  every  necessary  purpose. 

The  Cast  Iron  Boiler  about  to  be  described  has  been  constructed 
with  reference  to  the  foregoing  considerations.  It  was  the  object  of 
the  inventor,  Mr.  Joseph  Harrison  of  Philadelphia,  United  States,  to 
provide  great  strength  against  bursting,  and  to  obtain  also  a  large 
extent  of  heating  surface  in  proportion  to  the  weight  and  external 
dimensions  of  the  boiler:  it  was  important  moreover  to  obtain 
perfect  circulation  for  the  water.  The  experience  with  this  boiler 
for  several  years  in  America  and  for  upwards  of  two  years  in  London 
and  Manchester,  in  one  case  with  a  boiler  supplying  steam  to  the 
extent  of  200  indicated  horse  power,  has  proved  that  these  objects, 
as  well  as  other  important  advantages,  have  been  secured. 

The  boiler  is  shown  in  Plates  19  to  23.  Fig.  1,  Plate  19,  is 
a  longitudinal  section;  Fig.  2,  Plate  20,  a  front  elevation;  and 
FigB.  3  and  4,  transverse  sections.  Figs.  5  and  6,  Plates  21  and  22, 
are  longitudinal  and  transverse  sections  to  a  larger  scale. 

The  several  parts  of  the  boiler  received  different  forms  in  the 
earlier  experiments  several  years  ago,  but  these  led  to  the  adoption  of 
the  present  hollow  cast  iron  spheres,  connected  by  hollow  necks,  and 
tsecured  together  by  bolts,  as  shown  in  the  longitudinal  sections, 
FigB.  1  and  5,  Plates  19  and  21.  Figs.  7,  8,  and  9,  Plate  23,  are 
enlarged  sections  of  one  of  the  castings,  which  includes  four  spheres, 
each  8  inches  external  diameter,  f  inch  thick,  and  connected  by 
necks  of  3|  inches  opening.  Each  of  these  castings  is  called  a 
"  unit."  Each  ''  unit  **  of  four  spheres  has  eight  openings,  3|  inches 
internal  diameter,  the  edges  of  which  are  faced  up  to  a  true  sur&ce, 
80  as  to  bear  fairly  upon  the  corresponding  &ced  surfaces  of  the 
adjoining  units.  Each  joint  has  a  shoulder  and  socket,  as  shown 
fall  size  in  the  section.  Fig.  10,  Plate  23,  so  as  to  steady  the  units 
in  their  place.  Steam-tight  caps  are  provided  to  cover  the  external 
openings,  as  shown  in  Figs.  8  and  9  ;  and  the  whole  series  of  units, 
forming  a  vertical  slab  of  rectangular  or  other  shape,  are  held 
together  by  bolts  of  1^  inch  diameter,  passing  inside  the  spheres  and 
through  the  water  or  steam  which  they  contain. 
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Eacli  slab,  whatever  number  of  units  it  may  be  composed  of, 
may  be  regarded  as  a  separate  vessel,  throughout  which  the  water 
or  steam  can  circulate  freely,  both  verticaUj  and  longitudinallj. 
Any  number  of  slabs  may  be  placed  side  by  side  in  the  same 
fireplace ;  in  the  boiler  here  shown  there  are  eight,  as  seen  in  tbe 
transverse  sections,  Figs.  3,  4,  "and  6,  Plates  20  and  22.  They  are 
connected  together  by  a  feed-water  pipe  A  at  the  bottom  and  by  a 
steam  pipe  B  at  the  top.  The  water  level  is  usually  maintained 
so  that  about  two  thirds  of  the  whole  number  of  spheres  will  be 
constantly  filled  with  water,  as  shown  in  Figs.  5  and  6,  and  by  the 
dotted  line  in  Fig.  1 ;  the  remaining  spheres  forming  a  steam  space. 
The  fall  heat  of  the  fire  is  prevented  from  coming  upon  the  upper 
spheres  which  contain  only  steam,  by  small  firebrick  screens  or  cast 
iron  plates  C  C,  Figs.  6  and  6,  which  are  placed  loosely  between  the 
slabs,  a  little  below  the  water  level,  so  as  to  confine  the  direct  action  of 
the  heat  chiefly  to  the  spheres  filled  with  water.  The  upper  spheres 
are  at  the  same  time  enveloped  in  an  atmosphere  so  hot  as  to  ensure 
the  steam  being  completely  dried.  The  slabs  are  fixed  with  an 
inclination  in  the  direction  of  their  length,  as  shown  in  Figs.  1  and  5, 
suj£cient  to  ensure  the  complete  drainage  of  all  the  spheres  when 
the  boiler  is  blown  ouf.  This  inclination  serves  at  the  same  time  to 
bring  the  largest  body  of  water  to  where  the  action  of  the  heat 
is  most  direct,  and  to  provide  the  largest  steam  space  over  that  port 
of  the  boiler  where  ebullition  is  probably  the  least  active.  The 
earlier  experiments  have  shown  that,  although  the  units  may  be 
bolted  together  into  slabs  of  a  total  length  of  even  20  feet,  a  length 
of  9  feet  is  preferable,  since  the  strain  upon  the  bolts  in  screwing 
up  is  correspondingly  less:  and  as  in  the  latter  case  there  is  no 
observable  tendency  to  sag  in  the  centre,  the  complete  tightness 
of  the  joints  is  thereby  secured. 

The  spheres  weigh  each  about  22^  lbs.,  a  unit  of  four  spheres 
weighing  rather  more  than  J  cwt.  Hence  there  are  very  nearly 
one  hundred  spheres  to  the  ton ;  and  it  haa  been  the  habit  thus 
far  to  rate  these  boilers  by  their  weight,  as  a  4  ton  boOer,  an 
18  ton  boiler,  &c.  The  hominal  horse  power  of  the  boiler  may  be 
generally  taken  as  three  times  its  weight  in  tons.     Thus  a  10  ton 
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boiler  may  be  rated  as  of  30  nominal  horse  power;  and  from 
experiments  it  appears  that  a  boiler  of  this  weight  may  be  counted 
upon  to  evaporate  40  cubic  feet  of  water  per  hour,  corresponding  to 
about  80  indicated  horse  power.  Each  sphere  contains  seven  pints 
of  water,  a  unit  of  four  spheres  containing  3^  gallons.  The  external 
surface  of  each  sphere  is  rather  more  than  IJ  square  feet,  and  the 
internal  sur&ce  a  little  more  than  1^  square  feet.  In  round 
numbers  it  may  therefore  be  said  that  each  sphere  presents  a  square 
foot  of  heating  surface  and  contains  a  gallon  of  water ;  while  a  ton 
of  one  hundred  spheres  represents  three  nominal  horse  power,  the 
proportion  of  weight  to  power  being  thus  about  the  same  as  in 
Lancashire  boilers  of  the  ordinary  type. 

Although  it  cannot  be  said  that  cast  iron  is  in  itself  a  strong 
material  for  boilers,  yet  it  will  be  seen  that,  in  the  form  now 
described,  it  affords  greater  absolute  strength  against  bursting  than 
is  possessed  by  any  form  of  plate  iron  boiler  at  present  in  use.  The 
units  are  cast  upon  green  sand  cores,  so  placed  that  they  cannot 
alter  their  position  in  the  flask  by  any  force  short  of  what  would  be 
sufficient  to  crush  them  to  pieces.  The  thickness  of  metal  in  the 
spheres  is  therefore  uniform  throughout,  as  has  been  proved  by 
breaking  great  numbers  of  units  taken  at  random.  In  a  unit  of  four 
spheres,  each  sphere  having  an  internal  diameter  of  7^  inches,  the 
whole  area  of  the  plane  in  which  a  bursting  pressure  would  act, 
taken  through  the  eight  openings  of  the  four  spheres,  as  in  Fig.  8, 
Plate  23,  is  220  square  inches;  while  the  least  section  of  iron 
resisting  this  pressure  in  the  same  plane  is  27^  square  inches.  The 
iron  employed  is  an  equal  mixture  of  Glengamock,  Gambroe,  and 
Bcrap :  a  mixture  selected  for  its  free  running  quality,  and  much 
used  for  small  machinery  castings.  Its  tensile  strength  may  be 
safely  taken  as  6^  tons  per  square  inch.  At  this  rate  the  bursting 
strength  of  the  units  would  be  1640  lbs.  or  nearly  three  quarters 
of  a  ton  per  square  inch  internal  pressure.  The  first  experiments 
actually  made  to  test  the  bursting  strength  of  the  units  were  made 
more  than  two  years  ago  in  Brussels  for  the  Belgian  Minister  of 
Public  Works.    In  this  case  a  pressure  of  98  atmospheres  or  1440  lbs. 
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per  square  inch  was  applied.     This  was  as  high  as  the  force  pump 
employed  cotdd  go,  but  the  spheres  were  not  burst. 

A  farther  series  of  experiments  for  the  purpose  of  testing  the 
bursting  strength  of  the  cast  iron  spheres  have  recentlj  been  made 
at  the  Gorton  Foundry,  Manchester.  A  high-pressure  Schaeffer'a 
gauge  graduated  to  1000  lbs.  per  inch  was  attached  to  one  of  the 
units  or  castings  of  four  spheres,  to  which  the  caps  had  been 
accurately  ground,  and  water  pressure  was  then  applied  by  meanB 
of  a  force  pump.  The  pointer  of  the  gauge  passed  the  1000  lbs. 
mark  to  an  extent  indicating  from  1150  lbs.  to  1200  lbs.,  but  the 
spheres  did  not  burst.  The  pressure  gauge  was  then  checked  hy 
comparison  with  a  Bourdon  gauge  up  to  500  lbs.  per  square  inch, 
and  found  to  agree  within  10  lbs.  By  calculation  from  the  weight 
applied  to  the  force  pump  lever  and  the  dimensions  of  the  pump  it 
was  estimated  that  the  total  force  appHed,  including  the  friction  of 
the  pump,  was  about  1470  lbs.  per  square  inch.  Another  similar 
casting  was  afterwards  tested  in  the  same  way  with  a  similar  resolt 
The  castings  were  subsequently  broken  with  a  sledge  hammer,  and 
showed  a  uniform  thickness  at  all  parts  and  a  good  quality,  of  iron. 
A  safety  yalve  was  then  arranged  for  the  purpose  of  ascertaining  the 
bursting  strength  of  the  spheres ;  the  seat  of  the  valve  was  l-4th 
square  inch  area,  and  the  head  of  the  valve  1^  inch  diameter,  the 
valve  being  ground  careftilly  to  its  seat.  The  spheres  were  burst 
at  a  pressure  calculated  at  1850  lbs.  per  square  inch ;  but  on 
comparing  the  safety  valve  with  a  pressure  gauge  it  appeared  that 
water  must  have  worked  its  way  over  the  ground  seating  of  the 
valve,  allowing  the  pressure  to  act  upon  a  greater  area  than  14th 
square  inch,  and  that  the  true  pressure  could  hardly  have  been  so 
much.  The  head  of  the  valve  was  then  reduced  to  a  diameter  of 
I  inch,  and  the  spheres  were  burst  at  a  calculated  pressure  of 
1650  lbs.  per  square  inch ;  but  it  was  still  found  that  some  water 
must  have  worked  over  the  valve  seating,  and  the  experiments  with 
the  safety  valve  were  not  therefore  altogether  satis&ctoiy,  but  there 
appeared  no  reason  to  doubt  that  the  bursting  pressure  was  not  far 
short  of  1500  lbs.  per  square  inch.  All  these  experiments  were 
made  upon  castings  having  their  covering  caps  ground  careAilly  to 
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theniy  and  the  bolts  were  only  about  9  inches  long  between  the  caps 
covering  the  opposite  openings  of  the  units.  When  however  a  slab 
of  say  one  hundred  spheres  is  bolted  together,  the  bolts  being 
npwards  of  9  ^set  in  length  become  so  far  stretched  by  a  strain 
considerably  below  the  bursting  pressure  as  to  cause  the  joints  to 
open  eveiywhere  and  relieve  the  pressure.  In  this  way  every  joint 
becomes  a  safety  valve.  This  never  occurs  with  any  practicable  steam 
pressure,  but  it  did  take  place  in  many  of  the  earlier  experiments 
made  to  burst  the  spheres,  although  leakage  seldom  commenced 
ontil  a  strain  of  nearly  or  quite  half  a  ton  per  square  inch  had  been 
applied. 

The  above  experiments  were  all  made  with  new  castings,  and  at 
the  time  they  were  made  no  other  spheres  could  be  had  which  had 
been  more  than  twelve  months  in  use ;  and  the  condition  of  these 
was  clearly  the  same  as  when  new.  It  would  appear  therefore  that 
the  boiler  now  described  possesses  the  same  degree  of  safety  under 
a  pressure  of  230  lbs.  per  square  inch  as  a  7  feet  Lancashire  boiler 
nnder  a  pressure  of  60  lbs.  K  however  one  of  the  units  of  the  cast 
iron  boOer  should  burst,  it  could  not  do  more  than  empty  itself,  and 
open  one  or  more  3|  inch  apertures  into  the  units  adjacent  to  it ; 
whereas  if  an  ordinary  boiler,  containing  say  20  tons  of  highly  heated 
water  in  one  compartment,  should  burst,  the  consequences  would  be 
most  disastrous.  In  some  of  the  earlier  boilers  of  the  kind  now 
described  the  setting  was  such  that  an  excessive  strain  was  brought 
upon  one  or  more  joints ;  and  here,  in  order  to  prevent  leakage,  the 
bolts  had  to  be  tightened  vnth  great  force,  and  in  two  or  three  cases 
castings  forming  a  part  of  the  boiler  were  thus  cracked  from  one 
joint  to  another.  The  consequence  was  an  escape  of  steam  or  water, 
but  no  further  damage  ensued.  In  one  of  these  instances  a  unit  thus 
cracked  was  worked  continuously  for  three  days,  and  it  might 
perhaps  have  been  worked  for  a  still  longer  time;  but  it  was  thought 
prudent  to  replace  it  by  a  sound  casting.  No  instance  of  a  fracture 
has  occurred  in  the  cast  iron  boilers  with  the  present  mode  of 
setting,  and  all  the  boilers  of  this  kind  yet  erected  are  quite  free 
from  leaks  at  the  joints. 
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The  bolts  securing  the  castings  together  have  a  strength  mnch 
beyond  even  that  at  which  the  spheres  wonld  bnrst.  They  are  nnder 
a  certain  initial  strain  before  any  pressure  is  raised  in  the  spheres ; 
but  the  amonnt  of  this  initial  strain  is  known  and  nnder  control, 
for  in  screwing  np  the  slabs  a  27  inch  wrench  is  employed,  and 
the  strength  of  but  one  man  is  applied  to  it.  If  however  a  great 
strain  be  put  upon  the  bolts,  the  crushing  strength  of  the  castings 
is  found  to  be  greater  than  the  tensile  strength  of  the  bolt.  In  a 
series  of  experiments  made  at  the  manufactory  of  these  boilers  by 
Mr.  Luders  a  slab  of  units  bolted  together  to  a  length  of  9  feet  was 
screwed  up  with  great  force ;  a  wrench  10  feet  long  was  employed 
and  the  force  of  three  men  applied.  In  every  case  the  castings 
were  compressed  to  the  extent  of  l-8th  inch  in  a  length  of  9  feet, 
when  the  bolt  conmienced  to  stretch,  and  a^r  elongating  1^  inch  it 
broke.  This  experiment  was  repeated  twelve  times  with  the  some 
result,  the  castings  remaining  uninjured.  The  castings  when  laid 
loosely  upon  a  brick  pavement  require  a  powerM  overhead  Wow 
from  a  heavy  sledge  hammer  to  break  them.  They  have  also  been 
heated  in  a  forge  to  a  bright  cherry  red  colour,  and  then  plunged  in 
cold  water,  without  cracking :  though  there  is  no  doubt  that  the  iron 
was  seriously  injured  by  this  treatment,  and  it  might  have  been 
expected  that  the  spheres  would  break  to  pieces.  Their  endurance 
is  to  be  referred  to  their  form  and  to  the  tough  qualiiy  of  the  metal 
from  which  they  are  cast ;  a  sharp  blow  with  the  edge  of  a  hammer 
indents  the  iron  nearly  the  same  as  if  it  were  boiler  plate. 

It  might  have  been  apprehended  that  the  expansion  of  the 
castings,  when  in  service  in  a  boiler,  would  be  such  as  to  cause 
unequal  strain  upon  the  joints.  No  leakage  however  can  be 
detected  at  any  of  the  joints  of  a  single  slab  of  castings ;  and  as 
each  slab  is  supported  chiefly  at  its  lower  comer,  and  all  the  slabs  of 
a  boiler  are  separate  from  one  another,  except  at  a  single  point  at 
top  and  bottom  where  the  steam  and  water  connections  are 
respectively  made,  it  is  found  that  the  slabs  are  under  no  injurious 
strain.  Moreover  all  the  spheres  have  a  considerable  amount  of 
elasticity  under  strain,  which  would  assist  in  compensating  for 
unequal  expansion,   did  this  exist.      These  conclusions  as  to  the 
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effect  of  expansion  are  derived  from  an  experience  of  2i  years  with 
one  of  these  boilers  of  12  horse  power  at  the  chemical  works  of 
Messrs.  Denton  at  Bow  Common,  London;  two  boilers,  one  of 
50  horse  power  and  the  other  of  12  horse  power,  at  the  engineering 
works  of  Messrs.  Hetherington,  Manchester  ;  and  a  12  horse  power 
boiler  at  the  manufactory  of  these  boilers,  Openshaw,  Manchester. 
The  two  boilers  at  Messrs.  Hetherington's  are  often  worked, 
collectively,  up  to  200  indicated  horse  power  ;  the  first  was  erected 
at  their  works  about  eighteen  months  ago.  The  boilers  of  this 
constraction  were  originally  bolted  np  in  slabs  25  feet  long,  where 
considerable  power  was  required;  but  in  such  cases  it  is  now 
preferred  to  employ  two  or  three  slabs,  one  behind  the  other,  as 
shown  in  Fig.  1,  Plate  19,  each  slab  being  8  or  9  feet  long.  When 
this  arrangement  was  first  employed,  the  steam  space  of  the  back 
slab  was  connected  by  a  pipe  with  that  of  the  &ont  slab,  the  steam 
being  taken  off  to  the  engine  from  the  front  slab  alone ;  and  the 
Bteom  pipes  connecting  the  front  and  back  slabs  being  made  of  cast 
iron,  and  of  a  form  which  did  not  allow  of  the  unrestricted  expansion 
of  the  slabs,  some  of  the  pipes  consequently  cracked  ;  but  they  are 
now  made  of  wrought  iron  and  of  a  curved  form,  as  shown  in 
Figs.  5  and  6,  Plates  21  and  22,  so  as  to  yield  readily  to  a 
moderate  strain. 

The  inventor  of  this  boiler,  Mr.  Harrison,  had  from  the  first 
expected  an  entire  freedom  from  corrosion  of  the  spheres  ;  and  the 
experience  thus  fiu*  has  borne  out  this  anticipation.  Cast  iron  is 
weD  known  to  endure  much  better  than  wrought  iron  under  the 
action  of  flame,  water,  and  other  corrosive  influences.  In  the  case 
of  gas  retorts  for  instance,  plate  iron  would  be  immediately  burnt 
through ;  whereas,  previous  to  the  introduction  of  clay  retorts,  cast 
iron  answered  very  well.  The  pipes  for  heating  the  blast  of  blast 
fiimaces  were  originally  made  by  Mr.  Neilson  of  plate  iron ;  but 
although  the  blast  was  then  heated  to  only  350°,  it  immediately 
became  necessary  to  resort  to  cast  iron  heating  pipes.  The  superior 
durability  of  cast  iron  forge  tuyeres,  especially  when  made  hollow 
and  lined  with  water,  is  also  well  known.  In  the  case  of  the  present 
boiler  many  castings  have  been  purposely  removed  and  examined 
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after  being  at  work ;  bat  their  weight  has  been  found  the  same  as 
when  they  went  in,  and  the  joints  showed  no  degradation  of  their 
original  surface. 

The  question  which  caused  most  apprehension  in  the  first 
instance  in  connection  with  this  boiler  was  the  poesibihiy  of 
maintaining  a  clean  snrfiEbce  within  the  spheres.  The  cast  iron 
boiler  may  be  said  to  belong  to  the  class  of  waterwtnbe  boilers  or 
those  haying  small  water  cells.  This  class  of  boiler  is  about  sixty 
years  old,  for  one  was  fitted  in  Meux's  brewery  in  London  by  Arthur 
Woolf  in  1804 ;  and  in  the  same  year  a  small  screw  steamboat 
was  worked  on  the  river  Hudson  by  John  0.  Stevens  of  New  York, 
the  engine  of  which  was  made  by  Boulton  and  Watt,  while  the  boila* 
had  81  water  tubes,  1  inch  diameter  and  2  feet  long.  From  the  first 
however  such  boilers  have  generally  fiekiled  on  account  of  defectiTe 
circulation  and  the  difficulty  of  keeping  the  tubes  .free  from  intenuJ 
deposit.  Many  attempts  have  been  made  to  remove  this  difficulty 
Circulating  pumps  have  been  employed  in  addition  to  the  ordinary 
feed  pump,  to  maintain  a  constant  circulation  of  water  through  the 
tubes.  The  boilers  of  the  first  American  steam  fire-engines  were 
thus  constructed,  and  some  time  since  a  description  of  such  a  boiler 
was  given  in  this  Institution.  Other  forms  of  water-tube  boilen 
have  been  made  with  different  means  for  promoting  a  circulation  of 
the  water;  but  in  all  cases  the  whole  of  the  inorganic  matter 
contained  in  the  feed  water  must  remain  in  the  boiler,  unless  it  be 
blown  out  while  working ;  and  in  the  case  of  some  salts  held  in 
solution  by  ordinary  boiler  water,  these  are  inevitably  and  almost 
irremovably  deposited  upon  some  part  of  the  internal  sur&ces.  The 
boiler  now  described  forms  no  exception  to  the  general  experience 
in  this  respect.  The  water  with  which  Messrs.  Hetherington's 
boilers  and  indeed  most  of  those  in  Manchester  are  fed  is  such  as  to 
deposit  a  hard  scale  l-8th  inch  thick  after  a  few  weeks'  working. 
A  tool  had  been  contrived  with  steel  scrapers  so  hinged  that  it 
might  be  entered  through  any  of  the  openings  in  the  spheres 
of  the  cast  iron  boiler  and  be  then  expanded  out  to  the  internal 
circumference  of  the  spheres :   by  then  working  this  tool  within 
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the  sphere  the  scale  would  be  removed  so  that  it  coxdd  afterwards 
be  blown  oat. 

It  has  nnezpectedlj  turned  ont  however  that  no  occasion  has 
arisen  for  the  use  of  this  scraping  tool.  The  boiler  was  blown  ont 
regularly  at  the  end  of  every  week,  and  it  was  fonnd  that  the  supply 
of  steam  continned  good  without  any  use  of  this  tool,  and  that  none 
of  the  spheres  became  overheated  or  leaking.  Afber  ten  months'  work 
of  the  50  horse  power  cast  iron  boiler  at  Messrs.  Hetherington's, 
it  was  desired  to  increase  the  boiler  power  at  their  works ;  and  as 
the  boiler  then  in  use  there  was  formed  of  units  having  only  two 
spheres  each,  it  was  replaced  with  a  new  boiler  having  four  spheres 
in  each  unit,  excepting  the  units  employed  for  breaking  joint, 
which  had  two  spheres  ss  before.  On  taking  down  the  old  boiler 
little  or  no  scale  was  found  in  any  of  the  spheres,  two  of  which, 
in  the  same  condition  as  when  taken  down,  are  now  exhibited 
to  the  meeting.  One  taken  from  the  12  horse  power  boiler  at 
the  same  works  was  broken  by  the  writer  and  is  also  exhibited. 
This  was  purposely  taken  from  near  the  bottom  of  the  boiler,  and  it 
had  worked  constantly  for  eight  months  without  any  examination. 
It  will  be  seen  that  the  broken  pieces,  which  are  in  the  same 
condition  as  when  the  casting  was  taken  out  and  broken,  contain 
no  scale.  In  taking  down  the  old  50  horse  power  boiler  however  a 
lump  rolled  out  from  one  of  the  spheres ;  and  this,  the  only  piece 
of  the  kind  found,  is  also  exhibited.  It  consists  of  scales  seldom 
laiger  or  thicker  than  a  sixpence,  loosely  cohering  together  by 
a  clayey  deposit  from  the  water ;  in  the  mass  it  is  very  friable,  but 
the  fragments  of  scale  are  themselves  of  the  same  obdurate  sulphate 
of  lime  as  that  which  hardens  in  nearly  all  other  boilers  in  the  same 
district ;  yet  these  scales  have  in  every  case  separated  from  the  iron 
before  attaining  a  thickness  greater  than  l-16th  inch.  It  cannot  be 
because  the  boiler  is  of  cast  iron  that  it  so  readily  sheds  its  scale ;  for 
Trevithick's  boilers  and  the  cast  iron  *'  elephant  boilers  "  long  ago 
made  by  Mr.  Hall  of  Dartford  enjoyed  no  immunity  in  this  respect  as 
compared  with  wrought  iron  boilers  fed  with  the  same  kind  of  water. 
In  the  Lancashire  district  too,  the  cast  iron  pipes  of  the  apparatus 
used  for  heating  the  feed  water  for  boilers  are  subject  to  choking  with 
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scale  in  the  same  maimer  as  if  thej  were  made  of  wrought  iron ;  and 
in  some  cases  they  become  completely  choked  and  can  be  cleared  onlj 
by  a  boring  tool.  The  &ict  that  the  spheres  of  this  boiler  shed  their 
scale  is  not  to  be  referred  therefore  to  their  being  made  of  cast  iron. 
It  might  perhaps  be  imagined  that  the  water  is  occasionally  driven 
from  the  internal  surfaces,  and  that  the  consequent  expansion  of  the 
spheres  and  their  subsequent  contraction  on  the  return  of  the  water 
would  account  for  the  scale  becoming  loosened  and  broken  off.  Bat 
the  spheres  show  no  evidence,  as  in  this  case  they  might  be  expected 
to  do,  of  any  irregular  action  of  the  fire ;  and  moreover  those  of  the 
spheres  which  are  placed  &r  behind,  where  the  action  of  the  heat  is 
moderated,  are  equally  free  from  scale.  It  appears  to  be  more 
probable  that,  as  the  'spheres  expand  at  all  parts,  and  in  cooliog 
contract  equally  at  the  same  parts,  the  scale  is  detached  and  crashed 
in  this  process  of  contraction.  If  this  conjecture  be  correct,  the 
unexpected  separation  of  the  scale  may  be  attributed  to  the  form 
and  dimensions  of  the  spheres  themselves. 

Whatever  explanation  may  be  offered,  it  is  certain  that  with  foal 
water  and  such  as  gives  much  trouble  in  other  boilers  the  scale 
breaks  off  freely  into  small  pieces  in  this  cast  iron  boiler;  and 
this  is  perhaps  one  of  its  most  valuable  properties,  although  qoite 
unforeseen.  It  would  not  be  prudent  to  anticipate  the  resolt 
in  the  application  of  this  boiler  to  marine  purposes;  but  in  all 
the  land  boilers  of  this  construction  it  has  been  found  that  with 
blowing  off  once  a  week  they  may  be  worked  for  an  indefinite  length 
of  time  without  any  accumulation  of  scale.  It  will  be  seen  how 
readily  this  boiler  may  be  laid  open  for  examination,  and  it  was 
recently  thought  expedient  to  open  the  large  boiler  at  Messrs. 
Hetherington's  works  for  this  purpose.  A  small  quantity  of  loose 
and  broken  scale,  not  above  a  tablespoon  full,  was  found  in  each  of 
the  units  examined ;  but  their  internal  surfaces,  so  &r  as  they  coold 
be  seen,  were  entirely  clear. 

The  evaporative  eflBiciency  of  the  cast  iron  boiler  depends,  as  in 
the  case  of  all  other  boilers,  upon  the  amount  of  heating  sur&ce 
exposed  in  proportion  to  the  consumption  of  a  given  weight  of  fuel 
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in  a  given  time.  The  boiler  by  which  Messrs.  Hetherington's  works 
are  now  driven  supplies  an  amonnt  of  steam  which  a  single 
Lancashire  boiler,  7  feet  diameter,  30  feet  long,  and  weighing 
14  tons,  was  fonnd  inadequate  to  produce.  Both  the  original  and 
the  present  boiler  are  in  connection  with  a  chimney  165  feet  high, 
which  affords  an  excellent  draught.  The  original  boiler  had  two 
flues,  each  2|  feet  diameter  and  enlarged  at  the  fireplace  to  3  feet. 
The  area  of  the  firebars  was  36  square  feet,  and  the  total  "  run  "  of 
the  heat  was  90  feet  in  length  before  quitting  the  boiler.  The  cast 
iron  boiler  now  in  use  has  about  1800  spheres,  weighing  18  tons, 
and  presenting  about  1600  square  feet  of  sur&ce  in  the  water 
spheres  and  about  700  square  feet  in  the  steam  spheres  ;  the  area  of 
firegrate  is  33  square  feet.  The  usual  quantity  of  water  carried  is 
147  cubic  feet  or  rather  more  than  4  tons,  the  quantity  usually 
carried  in  the  original  Lancashire  boiler  being  nearly  20  tons.  The 
eitemal  dimensions  of  the  present  boiler  are  considerably  less  than 
those  of  the  Lancashire  boiler.  Bather  more  than  3  cwts.  of  coal  are 
required  in  the  cast  iron  boiler  for  raising  50  lbs.  steam  from  cold 
water,  and  the  time  occupied  is  about  half  an  hour.  In  order  to 
ascertain  the  exact  evaporative  efficiency  of  the  boiler,  it  would  be 
necessary  to  begin  the  observations  when  it  was  in  faR  work,  and  to 
continue  them  uninterruptedly  for  a  considerable  time.  As  the  boiler 
is  now  worked,  the  fires  are  lighted  on  Monday  morning  and  let 
down  on  Saturday  afternoon;  but  they  are  banked  every  day  at 
break&st  time,  at  noon,  and  at  night.  The  mass  of  brickwork 
which  is  thus  alternately  heated  and  cooled  with  the  boiler  is  very 
great ;  and  the  quantity  of  heat  that  enters  it,  which  is  for  the  most 
part  wasted  on  stopping,  is  correspondingly  large.  Except  at  the 
beginning  of  the  week,  the  temperature  of  the  water  in  the  boiler  on 
starting  in  the  morning  is  at  least  212^,  while  the  feed  water  from 
the  hot  wen  is  usually  between  90**  and  100®. 

In  February  last  the  writer  made  a  series  of  careM  observations 
upon  the  working  of  this  boiler,  more  especially  to  ascertain  its 
evaporative  efficiency.  The  coal  was  of  good  quality,  from  the 
Oldham  Pits,  and  was  carefully  weighed ;  and  the  feed  water  was 
made  to  pass  through  one  of  Worthington's  water  meters  on  its 
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way  to  tlie  boiler.  The  indications  of  the  meter  were  ascertained 
to  be  accnrate,  by  its  registration  of  14!7f  cubic  feet  in  filling  tiie 
boiler  up  to  a  point  known  to  correspond  exactly  with  that  quantity. 
In  the  first  day's  trial,  between  5.40  a.m.  and  12.55  noon,  with 
an  interval  for  breakfast,  the  whole  consumption  of  coal  was 
3^8  cwts.  and  of  water  442*7  cubic  feet.  K  this  quantity  of  water 
evaporated  were  to  be  divided  by  the  gross  consumption  of  coal, 
the  result  would  be  only  6*48  lbs.  of  water  evaporated  per  lb.  of  coal : 
but  in  heating  the  boiler  and  its  contents  to  the  working  point, 
and  in  the  loss  at  break&st  time,  the  consumption  of  coal  was 
such  that  24  cwts.  were  burnt  for  evaporating  the  first  200  cubic 
feet  of  water ;  while  the  remaining  14  cwts.  held  out  for  the  time 
during  which  242*7  cubic  feet  of  water  were  evaporated.  Ailowing 
for  the  lowering  of  the  fires  at  the  hour  for  stopping  work,  the 
quantity  of  coal  actually  expended  in  evaporating  the  242*7  cnbic 
feet  of  water  may  be  taken  as  16  cwts.,  corresponding  to  an 
evaporation  of  8*43  lbs.  of  water  per  lb.  of  coal.  Towards  the  end 
of  the  day's  trial,  in  a  period  of  1  hour  40  minutes,  8  cwts.  of  coal 
were  burnt  and  142*7  cubic  feet  of  water  evaporated :  but  as  this 
would  correspond  to  an  evaporation  of  9*91  lbs.  of  water  per  lb.  of 
coaJ,  a  portion  of  the  water  must  have  been  evaporated  at  the 
expense  of  the  heat  already  in  the  water  and  in  the  boiler  and  its 
brickwork  setting.  That  this  was  the  case  is  shown  by  the  fact  that 
in  the  last  50  minutes  of  the  trial  only  2  cwts.  of  coal  were  bnmt 
while  80  cubic  feet  of  water  were  evaporated ;  a  proportion  which, 
were  the  total  evaporation  due  to  the  quantity  of  coal  actnallj 
burnt  within  the  same  period  of  time,  would  Have  corresponded  to 
an  evaporation  of  22  lbs,  of  water  per  lb.  of  coal,  which  would  of 
course  have  been  impossible.  In  ma,lring  these  observations  there 
was  always  the  uncertainty  attending  the  quantity  of  coal  that 
should  be  assigned  to  heating  the  boiler,  and  its  contents  and 
setting,  up  to  the  working  temperature,  and  the  quantity  that  was 
to  be  set  down  to  evaporation  alone. 

In  the  second  day's  trial,  starting  on  Monday  morning  with  water 
at  about  45^  temperature,  5  cwts.  of  coal  was  consumed  in  raising 
steam  to  the  working  pressure,  the  time  occupied  being  half  an  honr. 
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Indnding  the  coal  burnt  in  raising  steam,  2  tons  18  cwts.  were 
oonsnmed  dnring  the  day,  and  657  cubic  feet  of  water  were 
eyaporated,  corresponding  to  an  evaporation  of  6*30  lbs.  of  water 
per  lb.  of  coal.  But  as  a  greater  quantity  of  heat  was  manifestly  left  in 
the  boiler  and  brickwork  on  stopping  at  night  than  when  work  was 
commenced  in  the  morning,  and  as  there  was  a  waste  of  heat  during 
the  break&st  and  dinner  hours,  not  more  than  2^  tons  of  coal  at  most 
can  be  fidrly  charged  to  the  water  evaporated,  and  this  is  probably 
in  excess  of  the  actual  quantity.  This  corresponds  to  7*31  lbs.  of 
water  evaporated  per  lb.  of  coal.  Th^  evaporation  from  noon  until 
the  hour  of  stopping  at  night  averaged  7*56  lbs.  of  water  per  lb.  of 
coal,  while  for  the  last  four  hours  of  the  experiment  the  apparent 
rate  of  evaporation  was  8*71  lbs. 

In  the  third  day's  trial,  steam  having  been  kept  in  the  boiler  over 
night,  the  consumption  of  coal  from  6.0  a.m.  till  2.30  p.m.  was 
2  tons  6  cwts.,  which  included  the  loss  during  the  breakfast  and 
dinner  hours,  and  the  evaporation  was  519  cubic  feet,  corresponding 
to  6'27  lbs.  of  water  evaporated  per  lb.  of  coal. 

In  a  whole  week  of  57^  hours  an  average  of  77  cubic  feet  was 
evaporated  per  hour,  the  maxininm  evaporation  being  about 
82  cubic  feet  per  hour,  and  the  average  consumption  of  coal  was 
6*25  cwts.  per  hour.  This  corresponds  to  6*85  lbs.  of  water  per  lb. 
of  coal ;  but,  allowing  for  the  sources  of  loss  already  pointed  out, 
nearly  8  lbs.  may  be  taken  as  the  effective  rate  of  evaporation.  The 
temperature  of  the  escaping  gases,  as  indicated  by  Grauntlett's 
pyrometer,  was  about  600°  on  the  average,  the  steam  of  50  lbs. 
pressure  showing  the  normal  temperature  of  .about  300®  by  a 
thermometer  inserted  for  the  purpose.  The  average  rate  of 
combustion  was  21  lbs,  of  coal  per  square  foot  of  firegrate  per  hour. 
When  the  fires  were  not  driven  so  hard  the  rate  of  evaporation  per 
lb.  of  coal  was  increased,  and  the  temperature  of  the  escaping  gases 
fell  to  626®.  The  flame  penetrated  freely  between  the  spheres  for  a 
distance  of  8  or  10  feet  from  the  bridge,  and  three  fourths  of  the 
whole  evaporation  probably  took  place  within  this  distance.  The 
spheres  in  the  slabs  at  the  back  of  the  boiler  were  generally  covered 
with  a  light  coating  of  soot,  which  was  swept  off  every  week,  all 
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the  spheres  being  within  eas j  reach  for  this  purpose ;  soot  liefer 
formed  however  npOn  the  spheres  near  the  fire.  The  water  level 
was  very  steadily  maintained  within  a  small  range  of  o8ci]]atiQ&; 
and  as  the  feed  water  entered  the  boiler  at  the  back,  there  oonld  be 
no  doubt,  when  it  stood  at  its  proper  height  in  the  glass  gauge  in 
front,  that  its  level  was  properly  maintained  thronghont  the  whole 
length  of  the  boiler.  A  small  cock  tapped  into  one  of  the  steam 
spheres  a  short  distance  above  the  water  level  showed  damp  steam, 
indicating  a  vigorous  circulation  of  the  water  below ;  bat  in  the 
engine  room  the  steam  blown  from  the  cylinder  cock  wafi  quite  dry, 
showing  the  value  of  the  superheating  surface  formed  by  the  upper 
or  steam  spheres  of  the  boiler. 

In  reference  to  the  mode  of  making  the  castings  of  tlie  boiler 
and  forming  the  joints,  the  system  pursued  in  the  foundry  is  such 
that,  with  green  sand  cores,  the  units  are  moulded  with  about  the 
rapidity  and  economy  of  plate  moulding.  The  cores  are  weD 
rammed  on  the  eight  prints  upon  which  they  rest  in  the  sand,  and 
there  is  no  chance  of  their  being  displaced  in  pouring  the  metal  or 
otherwise,  except  by  a  force  sufficient  to  break  them  in  pieces.  The 
two  halves  of  the  moulding  boxes  are  drawn  apart  in  such  a  mauier 
as  to  prevent  any  chance  of  breaking  down  the  sand,  and  little  or 
no  sleeking  is  required.  Each  casting  is  critically  inspected ;  but 
as  the  moulders  are  not  paid  for  imperfect  castings,  veory  few 
are  made. 

The  joints  are  &«ed  up  by  special  and  powerfiLi  machinery.  The 
spheres  are  9  inches  from  centre  to  centre  in  the  same  unit,  and  the 
facing  machines  not  only  preserve  that  distance  exactly  between  the 
openings  on  the  same  side  of  each  unit,  but  also  face  the  joints  on 
the  opposite  sides  of  the  unit  to  the  precise  gauge  of  8|  inches 
apart.  Each  machine  has  two  headstocks,  with  eight  spindles  and 
rose  cutters  in  each  headstock ;  and  the  castings  being  securely 
held  in  a  clamp  are  &ced  in  pairs,  a  roughing  cut  being  taken  on 
the  eight  joints  of  one  casting,  while  a  finighiTig  cut  is  going  on 
upon  the  joints  of  the  other.  Twenty-five  tons  of  castings  pass 
under  the  roughing  cutters   before  they  require  grinding;    and 
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100  tons  of  units  are  oompletely  faced  by  the  finishing  cutters 
before  these  require  to  be  re-ground.  By  a  special  adjustment 
the  finishing  cutters  may  be  set  np  in  their  spindles  to  the 
one-thousandth  part  of  an  inch,  wheneyer,  firom  the  dulling  of  the 
cutting  edges,  the  distance  between  the  opposite  joints  of  the 
units  is  found  to  exceed  the  length  of  the  standard  gauge  by  that 
quantity. 

Out  of  a  number  of  castings,  any  two  exactly  correspond,  and 
when  placed  together  the  bearing  surface  at  each  joint  is  3-16ths  inch 
wide  all  round,  and  it  is  finished  with  a  truth  not  inferior  to 
that  of  a  good  sHde- valve  face.  If  a  sheet  of  oiled  paper  be 
placed  upon  a  smooth  board  and  two  units  be  placed  upon  it,  one 
above  the  other,  they  may  be  filled  with  water  without  any 
perceptible  leakage  at  the  joints  even  after  the  lapse  of  a  week. 

In  conclusion  it  is  considered  by  the  writer  that  the  boiler  now 
described  possesses  several  important  advantages.  It  is  believed  to 
be  absolutely  secure  firom  explosion,  and,  so  &r  as  experience  has 
gone,  free  firom  any  liability  to  choke  with  scale.  It  is  durable, 
easily  taken  apart  and  put  together,  and  may  be  erected  in  almost 
any  form  adapted  to  the  space  in  which  it  is  to  be  placed.  The 
parts  are  very  portable,  and  may  be  taken  through  any  opening 
where  a  boy  can  pass.  Any  part  of  the  boiler  may  be  readily 
renewed  if  necessary ;  and  an  existing  boiler  may  at  any  time  be 
readily  enlarged,  and  that  to  an  indefinite  extent,  by  adding  to  the 
number  of  slabs,  either  at  the  sides  or  at  the  back.  The  economy 
of  the  boiler  in  first  cost  is  obvious ;  and  with  proper  proportions 
between  the  firegrate  and  the  heating  surface,  as  high  an  evaporative 
efficiency  may  be  obtained  as  with  most  other  constructions  of 
boilers.  The  quantity  of  water  contained  in  the  boiler  being 
comparatively  small,  steam  may  be  raised  with  a  small  quantity  of 
fuel  and  in  a  short  space  of  time.  Water  may  be  left  standing  in 
the  boiler  for  almost  any  length  of  time  without  injury.  Every 
part  of  the  boiler  is  at  all  times  under  ready  observation  without 
disturbing  the  connections ;  and  the  outsides  of  the  spheres  may  be 
easily  swept.     The  setting  of  the  boiler  is  such  that  the  steam  may 
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be  dried  to  any  extent  desired  in  tlie  splieres  themselves,  without 
any  other  provision  for  superheating.  It  is  thought  that  this  bofl^ 
especiallj  meets  the  present  increasing  tendency  to  nse  high  piessuie 
steam,  and  that  the  description  now  given  will  therefore  prove 
interesting  to  this  Institution. 


.  Mr.  GoLBURN  exhibited  a  set  of  spheres  from  the  boiler,  forming 
one  complete  slab,  and  also  specimens  of  the  steam  and  feed 
connections  at  top  and  bottom  of  the  boiler,  together  with  one  of 
the  spheres  that  had  been  broken  open  after  eight  months'  constant 
work,  to  show  the  state  of  the  interior  surface  and  its  compleiie 
freedom  fr^m  corrosion  or  scale.  He  showed  also  specimens  of  the 
thin  small  scales  blown  out  horn  the  boiler,  which  was  all  the 
deposit  there  waii  to  be  found;  and  of  the  thick  hard  deposit 
chipped  off  from  the  interior  of  an  ordinary  Lancashire  boiler  using 
the  same  water. 

The  Chairman  had  seen  the  new  boiler  at  work  in  Manchester, 
and  considered  it  an  important  step  towards  the  use  of  steam  at  a 
higher  pressure  than  could  at  present  be  adopted.  It  was  much 
more  simple  in  construction  than  would  at  first  sight  appear ;  and 
with  the  &ciUtie8  now  possessed  for  multiplying  parts  of  the  same 
size  and  shape,  he  did  not  see  any  reason  why  it  should  not  be  put 
together  easily  and  at  a  very  small  cost.  He  enquired  what  was 
the  temperature  of  the  waste  heat  passing  off  frx)m  the  new  boiler 
into  the  chimney,  as  that  was  an  important  criterion  of  the 
economy  of  a  boiler. 

Mr.  CoLBURN  had  not  had  an  opportunity  of  ascertaining  the 
temperature  of  the  waste  heat  frx^m  this  boiler,  but  by  increasing 
the  length  of  it  the  heat  at  the  chimney  end  could  be  reduced  as 
low  as  desired.  At  Messrs.  Hetherington's  works  in  Manchester 
there  were  originally  two  ordinary  Lancashire  boilers,  but  when 
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the  new  boiler  wad3  added  only  one  of  these  was  worked  with  it ; 
the  waste  heat  from  both  however  passed  into  the  same  chimney,  so 
that  there  was  no  opportunity  of  trying  the  temperature  from  the 
new  boiler  alone.  The  boiler  at  those  works  was  in  the  first 
instance  longer,  but  was  afterwards  shortened  by  the  removal  of 
some  of  the  spheres  at  the  frirther  end.  The  water  was  left  in  the 
boiler  dnring  the  night,  and  in  the  morning  was  still  at  a 
temperature  of  212'^  Fahr.,  owing  to  the  heat  retained  in  the  mass 
of  briokwork  snrronnding  the  boiler;'  and  from  this  point  steam  was 
got  up  in  10  or  12  minutes  to  a  pressure  of  50  lbs.  per  square  inch 
above  the  atmosphere.  There  was  great  convenience  for  readily 
inspecting  the  boiler  by  means  of  the  manhole  doors,  by  which 
access  was  obtained  at  once  to  the  whole  boiler,  with  a  clear  sight 
through  the  entire  length,  and  a  man  could  get  in  and  sweep  the 
whole  of  the  spheres  clean  without  any  difficulty  at  all. 

As  regarded  the  fr'eedom.of  cast  iron  from  any  tendency  to 
corrosion,  when  used  as  the  material  for  steam  boilers  or  for  other 
purposes  where  it  was  exposed  to  a  high  temperature,  he  was 
infonned  by  Mr.  Jaffirey  of  Hartlepool  that  he  had  employed  cast 
iron  for  superheaters  with  success,  and  four  cast  iron  superheaters 
fitted  on  board  steam  colliers  showed  no  sign  of  corrosion  when 
examined  in  October  last,  after  four  years  of  almost  constant  work ; 
the  pipes  when  cleaned  looked  almost  like  new  castings,  almost  as 
clean  as  when  first  put  in. 

Mr.  G.  A.  EvERiTT  thought  the  new  boiler  would  be  very  useful 
in  connection  with  puddling  or  heating  frimaces,  where  the  waste 
heat  from  the  frimace  was  made  use  of  for  generating  steam ;  it 
appeared  very  suitable  for  such  applications  on  account  of  its  safety 
and  the  smaQ  space  it  occupied,  and  he  enquired  whether  it  had 
been  employed  for  that  purpose. 

Mr.  T.  L.  LuDEBS  replied  that  he  was  now  about  to  put  up  one 
of  the  boilers  to  be  heated  by  the  waste  heat  horn  three  puddling 
fnmaces:  there  were  eight  sections  of  spheres  in  the  boiler,  and  the 
heat  from  the  frimaces  was  made  to  circulate  completely  through  the 
set  of  spheres  in  each  section  by  means  of  firebrick  partitions,  making 
the  passage  to  the  chimney  the  longest  possible.     The  boiler  was 
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carried  enidrelj  upon  a  pair  of  cast  iron  colunna  in  firont  and  4he 
brickwork  npon  which  it  rested  at  the  back,  independent  of  the 
brickwork  of  the  furnaces  ;  so  that  the  hitter  conld  be  potted  down 
for  repairs  without  disturbing  the  boiler,  while  the  boiler  also  was 
completely  accessible  at  all  times  without  requiring  any  pari  of  tiu 
brickwork  of  the  ftimaces  to  be  removed.  The  boiler  had  thus  the 
important  advantage  for  such  an  application  that  it  could  be  placed 
over  the  Aimaces  without  occupying  any  of  the  room  of  the  fatge  or 
hindering  the  repairs  of  the'  furnaces.  By  means  of  sniteble 
dampers  the  amount  of  heat  allowed  to  pass  through  the  boiler 
conld  be  regulated  as  desired,  according  to  the  generation  of  steam 
required ;  and  the  heat  from  any  one  of  the  ftimaoes  conld  he 
conveyed  away  direct  into  the  chimney,  without  passing  at  all 
through  the  boiler,  if  only  a  smallar  quantity  of  steam  were  wanted 
to  be  raised. 

In  the  earlier  boilers  that  he  had  Aiade,  the  "spheres  were  set  at 
an  inclination  of  about  15^,  but  in  the  most  recent  ones  they  iren 
placed  at  45^,  which  was  found  to  answer  the  best,  because  it  gave 
a  complete  drainage  of  every  sphere  in  the  boiler  into  the  bofetom 
blow-off  pipe ;  while  the  point  of  taking  off  the  steam  being  the 
highest  in  the  boiler  was  the  furthest  from  i^  water  line.  Near 
the  level  of  the  water  line  the  steam  would  of  course  be  damp  fiom 
contact  with  the  water ;  but  the  sur&ce  of  the  spheres  above  the 
water  line  being  exposed  to  a  high  temperature,  say  650°  ¥ahr.f 
the  steam  became  moderately  superheated  to  a  temperature  due  to 
that  exposure  before  passing  off  frx)m  the  top  of  the  boiler,  and  it  was 
then  found  hot  enough  to  continue  dry  after  passing  through  40  feei 
of  unprotected  pipe  to  a  low  pressure  engine  worked  by  it. 

The  Chairman  enquired  what  was  the  cost  per  horse  power 
of  the  new  boiler. 

Mr.  T.  L.  LupsBS  replied  that  the  cost  of  the  boiler  was  £15  per  ton 
at  the  works  in  Manchester,  and  the  power  was  reckoned  at  about 
3  horse  power  per  ton,  making  the  cost  per  horse  power  about  £5. 
In  reference  to  the  temperature  of  the  waste  heat  escaping  from  the 
boiler,  he  had  found  the  waste  heat  from  an  ordinaiy  Lancashire 
IxHler  doing  rather  less  work  than  the  new  boiler  was  from  580^  to 
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600^:  while  the  waste  heat  from  the  new  bmler  was  from  500^  to 
600^.  The  extent  of  variation  in  the  latter  case  was  accounted  for 
by  the  qnantity  of  coal  constaned  per  sqnare  foot  of  grate  per 
hour,  amounting  to  21  lbs.  of  coal ;  and  it  was  evident  that  as  the 
oonsomption  of  coal  was  increased,  and  the  rapidity  of  the  draught 
also  increased  hy  opening  the  chimney  damper  in  order  to  bum 
the  larger  quantity  of  coal,  the  heat  escaping  into  the  chimney 
mnst  also  be  proportionately  increased.  The  Lancashire  boiler 
experimented  npon  was  one  with  a  moderate  draught,  but  having 
a  larger  firegrate  area  and  burning  its  fuel  much  slower  than 
21  lbs.  per  square  foot  of  grate  per  hour.  That  would  give  a  much 
bigfaer  evaporative  efficiency,  and  the  temperature  of  the  waste 
heat  escaping  to  the  chimney  would  be  lower,  owing  to  the  draught 
bemg  less  keen  and  the  heat  being  more  ^ly  taken  up  by  the 
boiler. 

Mr.  G.  W.  SiBHBNS  remarked  that  certainly  the  new  form  of 
boilar  was  emphatically  a  strong  form,  inasmuch  as  a  sphere  of 
1  foot  diameter  had  as  much  strength  to  resist  internal  pressure  as 
a  pqie  of  half  that  diameter,  the  thickness  of  metal  being  the  same. 
Moreover  the  spherical  form  was  a  very  good  £6rm  in  cast  iron 
he  thought  for  a  boiler,  because  it  yielded  to  expansion  equally  in 
aD  directions  :  cast  iron  readily  gave  way  when  exposed  to  unequal 
heat,  and  in  ordinary  plate  boilers  the  wrought  iron  often  gave  way 
in  consequence  of  unequal  expansion  in  different  parts.  But  he  did 
not  expect  that  the  new  boiler  would  give  way  by  any  part  being 
orerheated  in  comparison  with  the  rest,  because  every  portion  of  a 
hollow  flphere  could  yield  freely  to  local  expaaision  by  heat.  He 
had  at  various  times  used  cast  iron  heated  to  a  high  temperature, 
and  had  found  that,  to  make  it  stand,  the  question  of  expansion 
had  above  all  things  to  be  attended  to.  The  heating  sur&ce  in 
the  boiler  appeared  likely  to  be  highly  efficient,  because  the  flame 
was  continually  broken  in  its  passage  over  the  interrupted  surface 
presented  by  the  baUs,  instead  of  passing  through  a  long  plain 
internal  tube  in  a  continuous  unbroken  current,  as  in  an  ordinary 
boiler,  where  the  interior  mass  of  the  flame  came  ccnnparatively 
Httle  in  contact  with  the  boiler  sur&ce.    He  therefore  hoped  the 
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new  boiler  wonld  receive  a  &ir  trial  at  the  hands  of  those 
using  steam  boilers.  The  several  balls  composing  the  boiler  most 
require  to  fit  together  with  very  great  nicety  in  order  to  prevent 
leakage  at  the  joints,  and  he  enquired  whether  they  had  ever  been 
found  to  leak  at  the  joints ;  and  whether  they  were  not  found  to 
give  way  at  the  joints  after  working  for  a  considerable  time,  in 
consequence  of  the  alternate  heating  and  cooling,  since  cast  iron 
by  being  heated  and  cooled  very  often  wtfB  known  to  beoome 
permanently  enlarged. 

Mr.  T.  L.  LuDEBS  replied  that  there  had  not  at  present  been 
a  very  long  experience  with  the  new  boiler  of  which  to  speak,  but 
BO  far  as  the  tightness  of  the  joints  had  hitherto  been  tested  by 
time  their  durability  had  been  surprising,  as  they  had  never  shown 
the  slightest  sign  of  a  leak.  Very  much  depended  in  practice 
upon  the  facing  of  the  joints  being  truly  accurate  machine  woric, 
and  this  was  ensured  by  the  mode  of  &cing  the  two  sets  of  onttere 
of  the  machine  in  which  the  joints  were  faced  simultaneously  on 
opposite  sides :  while  the  cutters  were  all  revolving,  firmly  wedged 
in  their  holdei*s  in  their  permanent  working  position,  but  of  soft  steel 
not  yet  hardened,  a  facing  tool  sharpened  at  both  edges  and  made 
by  a  standard  gauge  to  correspond  to  the  exact  distance  between 
the  joints  was  passed  transversely  across  the  machine,  grinding  the 
cutters  to  the  exact  length  required  for  facing  the  joints  accurately 
to  the  proper  length.  The  joints  then  fitted  together  perfectly 
without  the  slightest  force  being  used,  and  when  the  bolt  was 
passed  through  to  hold  them  together  they  were  quite  steam-tight 
under  any  pressure  of  st^am  at  which  the  boiler  would  be  worked. 
There  were  1800  balls  in  the  last  boiler  made  for  liessrs. 
Hetherington's  works,  and  not  a  single  leakage  had  been  detected 
in  all  that  number.  The  result  of  two  years'  experience  with  the 
boilers  at  Messrs.  Sellers'  machine  works  in  Philadelphia  was  that 
there  had  been  no  leakage ;  while  at  the  same  time  the  boilers  had 
been  so  economical  that  more  than  100  tons  of  the  ball  castings  &r 
new  boilers  had  been  ordered  fipom  England  for  works  at  the  same 
place,  and  would  be  put  up  in  the  place  of  good  boilers  at  present 
in  use  there.     The  new  boilers  had  now  worked  in  America  for 
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eighteen  months  with  only  once  being  opened  at  the  end  of  eight 
months  for  the  purpose  of  clearing  the  balls  if  that  should  be 
necessary,  and  then  only  a  little  scale  and  mud  was  raked  ont  of  the 
bottom  row  of  balls ;  and  dnring  the  ten  months  that  had  elapsed 
since  that  time  they  had  not  been  opened  at  all.  The  experience  in 
all  cases  had  been  the  same  as  to  the  absence  of  scale  or  deposit, 
even  after  a  long  time  of  working. 

With  regard  to  the  manner  in  which  the  new  boilers  stood 
the  test  of  rust,  one  of  them  had  been  exposed  for  four  years  to  the 
most  severe  test  for  rust  thi|,t  was  likely  to  be  met  with.  The  boiler 
was  70  feet  long  and  1  foot  high,  in  a  greenhouse,  where  it  was 
fired  during  only  about  three  months  in  each  year,  and  tbe  remaining 
time  it  was  allowed  to  stand  faJl  of  water,  which  was  no  doubt  the 
severest  test  it  could  be  put  to  for  rust.  With  plate  boilers  under 
such  circumstances  the  plates  were  generally  found  to  rust  very 
rapidly.  But  this  had  not  been  the  case  with  the  new  boiler: 
although  the  joints  had  been  made  four  years  they  still  continued 
perfectly  water-tight,  notwithstanding  the  fact  that  at  the  time  the 
boiler  was  made  there  was  no  machinery  for  facing  the  balls, 
and  the  joints  were  merely  planed  and  ground  up  with  emery. 
The  present  machine-made  joints  were  all  found  to  remain  perfectly 
tight. 

The  reason  for  setting  the  boiler  in  an  inclined  position  instead 
of  level,  independent  of  the  advantage  of  the  balls  emptying 
themselves  completely  when  set  inclined,  was  the  &ct  that,  in 
oonsequence  of  the  difference  of  temperature  between  the  water 
space  and  the  steam  space  at  the  time  of  raising  steam  from  cold 
water^the  boiler  could  not  be  used  if  it  were  brought  down  level. 
For  it  was  found  by  experiment  that  wben  the  lines  of  balls  were 
set  horizontal  a  conflict  resulted  at  the  water  line  between  the 
parts  above  and  those  below,  in  consequence  of  the  difference  of 
temperature,  the  cooler  portions  below  the  water  line  pulling 
agabst  the  more  expanded  parts  above;  and  the  strain  produced 
would  so  rack  the  joints  as  to  render  the  boiler  a  failure.  This 
conflict  disappeared  however  as  soon  as  the  lines  of  balls  were  set 
at  the  inclination  of  45^  that  had  now  been  adopted,  as  there  was 
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then  no  sudden  change  from  hot  to  oool  between  any  two  adjaoeni 
lines  of  balls ;  and  though  all  the  tie  bolts  crossed  the  water  line  at 
different  portions  of  their  length,  and  thereby  became  nneqna&y 
expanded  by  the  hot  steam  space,  yet  the  change  was  gradual  teom 
one  bolt  to  the  next,  and  no  two  ac^acent  bolts  pulled  against  each 
other;  and  the  expansion  of  the  whole  boiler  thus  took  place 
without  throwing  a  strain  upon  any  part. 

The  feed  pipe  was  connected  to  the  bottom  comer  of  the  boikr  in 
this  inclined  position,  and  the  steam  pipe  was  taken  off  from  the  top 
comer  with  a  long  bend,  in  order  to  aJlow  perfect  freedom  for  the 
expansion  of  the  boiler,  the  effect  of  which  would  be  all  ooncentraied 
at  that  point.  In  the  first  boilers  the  steam  connecting  pipe  was  a 
cast  iron  transrerse  pipe  with  straight  branches  on  the  underside, 
to  which  the  sections  of  the  boiler  were  directly  attached,  forming 
a  rigid  connection  at  each  section.  But  it  was  then  found  that  tiie 
several  connections  in  this  case  were  so  difficult  to  make  in  the  first 
instance,  from  the  difficulty  of  setting  all  the  sections  of  the  hdlsr 
in  their  places  with  sufficient  accuracy,  and  when  set  the  irregnkr 
expansion  of  the  different  sections  was  so  apparent,  from  tiie 
unequal  heat  of  the  fire  at  different  parts  before  the  steaan  was  fdSy 
up,  that  there  was  a  pushing  and  pulling  action  at  the  connectiiig 
pipe  which  gave  a  great  deal  of  trouble  by  breaking  the  castings, 
the  pipe  being  stronger  than  the  castings.  This  was  however  quite 
obviated  by  the  present  curved  wrought  iron  pipes,  forming  the 
connections  from  the  castings  to  the  steam  pipe,  as  seen  in  the 
specimen  exhibited;  theflse  were  screwed  into  sockets  in  eveiy 
alternate  casting,  and  allowed  perfect  freedom  for  the  expansion  of 
any  section  of  the  boiler,  independent  of  the  rest,  so  that  there  ^ras 
now  not  the  slightest  trouble,  nor  any  strain  that  could  produce 
leakage  at  any  of  the  joints. 

The  inclination  of  the  balls  at  4&^  gave  the  greatest  length 
of  water  line,  since  the  water  line  was  then  the  diagonal  of  a  square. 
It  also  allowed  the  steam  to  escape  with  great  readiness  from  the 
water,  as  fisbst  as  it  was  generated,  passing  off  without  meeting  or 
obstructing  the  water  that  was  rushing  in  through  another  opening 
to  take  its  place ;  and  in  consequence  of  this  advantage  the  water 
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hvd  seLdom  oedllated  more  than  ^  incli :  indeed  that  amoniit  of 
variatton  in  level  ivas  considered  a  g^reat  disturbance  in  the  boiler. 

Mr.  E.  W.  Webb  enqnired  whether  the  joints  of  th^  balls  were 
put  together  simply  metal  and  metal,  or  whether  any  red  lead  or  oil 
\rB8  used  for  making  them. 

Mr.  T.  L.  LunsBS  replied  that  the  joints  were  put  together  metal 
and  metal,  as  in  the  specimens  exhibited,  jnst  as  they  were  left  faced 
by  the  cutters  of  the  machine,  without  any  subsequent  grinding,  and 
without  any  oil  or  red  lead  or  any  other  material  in  the  joint.  The 
cutting  machine  was  made  wide  enough  to  take  in  one  of  the  four- 
ball  castings  of  the  boiler,  having  four  pairs  of  the  revolving 
cutters,  so  as  to  cut  all  the  four  joints  on  each  side  of  the  casting 
simultaneousfy.  The  time  occupied  by  the  operation  was  about 
8  minutes  for  each  casting,  from  the  time  of  putting  the  rough 
casting  into  the  machine  with  the  cutters  drawn  back,  xmtil  it  came 
out  with  all  the  eight  joints  finished  ready  for  being  bolted  together 
at  once  in  a  boiler  without  any  frirther  preparation  of  the  sur&ce  of 
the  joints.  The  revolving  cutters  were  advanced  by  a  pair  of 
eccentrics  having  f  inch  throw,  and  were  fed  up  by  hand  at  first  to 
bring  them  up  to  the  surfiKse  of  the  casting,  after  which  the  self- 
acting  feed  motion  of  the  machine  was  put  in  operation.  The 
cotters  came  in  contact  with  the  metal  when  the  eccentrics  were  at 
half  stroke,  having  the  quickest  motion  for  advancing  the  cutters ; 
and  the  forward  motion  then  gradually  diminished  until  the  frill 
throw  was  reached,  at  which  time  the  speed  of  the  revolving  cutters 
was  also  diminished,  so  that  at  the  last  the  tools  gave  nothing  but  a 
scraping  finish  to  the  frkce  of  the  metal  at  a  slow  speed. 

Mr.  C.  F.  Beteb  remarked  that  the  new  boiler  was  composed  of 
a  great  number  of  separate  parts  put  together,  and  at  first  sight  it 
would  appear  that  there  must  be  considerable  difficulty  in  making 
80  great  a  number  of  pieces  go  together  with  sufficient  accuracy  to 
prevent  leakage  at  the  joints.  He  had  however  seen  the  machinery 
that  was  used  for  facing  the  joints,  and  thought  it  admirably 
adapted  for  the  purpose ;  the  accuracy  with  which  it  did  the  work 
was  certainly  very  great,  and  there  appeared  no  reason  why  the 
joints  shaped  by  that  machinery  should  not  be  water-tight  and 


Digitized  by  VjOOQ  IC 


88  CAST  IRON    8TBAM   0OILEB. 

steam-tight  under  all  pressures  at  which  the  boiler  would  woik« 
The  construction  and  working  of  the  machinery  were  moreover 
such  that  the  shaping  of  all  the  joints  in  the  several  castings  of  a 
boiler  would  form  but  a  small  item  in  the  total  cost  of  the  boiler. 

Mr.  E.  Reynolds  enquired  what  became  of  the  scale  that  was 
formed  in  the  boiler  during  the  week's  work :  whether  it  remained 
in  the  boiler  until  blown  out  at  the  end  of  the  week,  or  whether 
any  of  it  got  carried  over  with  the  steam  into  the  engine.  He 
knew  a  pair  of  50  inch  cylinder  engines  upon  the  pistons  of  which 
an  accumulation  of  from  j  inch  to  |  inch  thickness  of  scale  was 
frequently  found. 

Mr.  T.  L.  LuDEBS  replied  that  the  boiler  was  not  blown  out  at  all 
except  afber  working  hours  at  the  end  of  each  week.  From  the 
result  of  observation  he  supposed  that  all  the  scale  formed  during  the 
week's  work  became  deposited  on  the  sur&ces  of  the  balls  in  a  lajer 
about  as  thin  as  an  eggshell,  just  in  the  same  manner  as  on  the 
surfaces  of  an  ordinary  plate  boiler,  so  that  the  whole  of  the  inside 
of  the  boiler  became  coated  throughout  the  water  space  with  a  thin 
scale.  In  blowing  out  the  boiler  at  the  end  of  the  week,  the 
brickwork  having  been  maintained  during  the  week  at  a  temperature 
of  about  600^  on  the  inside,  it  was  only  allowed  to  cool  till  the  red 
heat  had  gone  out  of  the  bricks  in  the  bridge  wall,  and  then  the 
boiler  was  blown  out.  But  as  there  was  still  a  temperature  of  as 
much  as  600®  in  the  brickwork,  the  whole  mass  of  the  empty  boiler 
became  very  hot,  and  the  scale  either  became  altogether  detached 
then  by  the  expansion  of  the  metal,  or  else  the  loosening  of  the 
scale  was  completed  subsequently  he  presumed,  when  the  boiler 
became  cold,  the  contraction  of  the  balls  in  cooling  having  the  effect 
of  crushing  down  the  thin  and  finable  scale  in  all  directions  and 
causing  it  to  shell  off  from  the  metal  in  small  pieces,  or  at  least  to 
become  completely  loosened  from  the  metal,  so  that  when  the  water 
was  next  put  into  the  boiler  it  could  get  behind  the  scale  and  throw 
it  off.  The  loose  scale  would  then  He  in  small  pieces  at  the  bottom 
of  the  balls  until  the  end  of  the  week ;  and  the  scale  formed  in  one 
week  was  therefore  he  imagined  blown  out  at  the  end  of  the  week 
following.     The  constant  repetition  of  this  process  was  he  thought 
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the  reafion  of  the  balls  being  kept  qxiite  dear  of  scale.  As  to  any 
scale  being  fonnd  in  the  steam  pipes  or  cylinder  of  the  engine,  such  an 
occnrrence  had  never  been  met  with  in  the  working  of  any  of  the  new 
boilers ;  but  he  thought  it  probable  that,  if  the  boiler  were  worked 
too  long  without  blowing  out,  the  balls  would  become  choked  with 
mud.  He  had  however  known  every  one  of  these  boilers  that  had 
been  put  up  at  present,  and  had  never  found  any  incmstation  larger 
than  the  -small  pieces  of  scale  now  exhibited,  scarcely  thicker  than 
eggshells.  This  specimen  was  only  collected  by  letting  the  water 
run  out  of  the  boiler  slowly,  and  then  opening  the  lowest  ball  and 
collecting  the  pieces  of  scale  from  it  by  hand,  so  that  there  was  no 
doubt  that  was  a  &dr  sample  of  the  weekly  production  of  the  boiler. 
This  scale  presented  a  great  contrast  to  the  other  specimen  exhibited 
of  the  scale  obtained  from  an  ordinary  Lancashire  boiler  working 
with  the  same  water,  which  was  the  usual  description  of  scale  found 
in  all  ordinary  plate  boilers,  about  |  inch  thick  and  requiring  to  be 
broken  from  the  inside  of  the  boiler  by  blows  of  a  hammer. 

Mr.  J.  M.  Hetheringtok  said  they  had  now  had  the  new  boiler 
in  use  at  their  works  in  Manchester  for  the  last  eighteen  months, 
during  which  time  they  had  made  many  experiments  to  test  it  in  a 
Tariety  of  ways  with  most  satis&ctory  resxdts.  The  joints  of  the 
balls  had  been  found  entirely  satis&ustory,  for  he  did  not  know  of  a 
single  instance  in  which  the  joints  in  a  good  casting  had  given  way. 
The  castings  as  they  came  frt>m  the  machine  that  had  been  described 
had  all  the  joints  iaced  so  perfectly  true  that  to  put  any  ccftnent 
or  taQow  or  oil  on  them  appeared  to  make  them  worse  than  the 
clean  sur&ce  of  metal  to  metal ;  and  they  remained  completely 
steam-tight  and  water-tight  xmder  the  expansion  and  contraction  of 
the  bailer.  At  the  time  of  putting  up  the  boiler  at  their  works, 
when  all  the  sections  were  screwed  up  and  fixed  in  their  places  and 
the  fire  first  lighted,  he  beHeved  there  was  not  a  single  leaking  joint 
in  the  whole  boiler. 

The  temperature  of  the  waste  heat  escaping  into  the  chimney 
irom  the  new  boiler  he  beHeved  to  be  about  the  same  as  from  an 
ordinary  Lancashire  boiler,  between  500^  and  600^  Fahr. ;  but  i^ 
the  new  boiler  the  whole  of  the  heating  sur&ce  being  in  such  close 
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prosixxiity  to  the  fire  was  more  efficient  than  in  ordinaary  boikn, 
where  the  fiirther  end  of  the  boiler  was  sometunes  as  much  as 
90  feet  distant  from  the  fire,  so  that  much  of  the  snr&oe  oonld 
receive  but  little  heat.  The  draught  was  much  keener  in  the  new 
boiler  than  in  an  ordinary  one,  and  they  had  had  some  difBcnliy  ai 
first  in  so  fisur  checking  it  as  to  bum  only  the  same  amount  of  coal  per 
square  foot  of  grate  as  in  ordinaiy  boilers ;  but  this  difficulty  had 
now  been  orercome.  No  doubt  a  reduction  in  the  temperature  of 
the  waste  heat  would  be  advantageous,  and  it  could  be  obtained 
by  increasing  the  area  of  firegrate,  so  as  to  bum  the  coal  more 
slowly  and  thereby  give  time  for  a  little  more  of  the  heat  firom  the 
fire  to  be  retained  by  the  boiler. 

The  practical  result  obtained  with  the  new  boiler  at  thdr  worio 
had  been  that  it  had  effidcted  a  saving  of  20  per  cent,  on  the  total 
cost  of  coal  for  raising  steam :  and  in  consequence  of  the  capacity  of 
the  boiler  fi}r  generating  a  high  pressure  of  steam  with  perfect 
safety,  they  were  now  about  to  make  use  of  steam  of  100  lbs.  per 
square  inch  pressure,  or  120  lbs.  in  the  boiler,  by  adding  a  high 
pressure  cylinder  to  exhaust  into  the  cylinder  of  their  present 
condensing  engine ;  and  they  intended  to  adhere  to  the  cast  iron 
boiler  for  the  future,  in  place  of  the  ordinaiy  wrought  iron 
boilers. 

Mr.  I.  Smith  enquired  whether  the  water  used  in  the  boileFB  at 
Manchester  contained  sulphate  of  lime  or  carbonate  of  lime.  He 
could  understand  sulphate  of  lime  being  deposited  as  a  scale  in  the 
new  boilers  and  being  blown  out  at  the  end  of  the  week,  as  had  been 
described:  but  in  the  neighbourhood  of  Birmingham  the  water 
contained  besides  sulphate  of  lime  a  large  quantity  of  carbonate  of 
lime,  which  was  deposited  in  boilers  in  the  form  of  mud,  and  where 
the  firing  was  below  the  boiler  frequently  caused  damage  to  the 
plates  by  overheating.  Hence  if  this  water  were  used  in  Uie  new 
boiler,  unless  there  were  a  daily  blowing  out  of  the  boiler,  he 
thought  great  damage  would  result  to  the  lower  line  of  balls,  as 
there  appeared  no  reason  why  the  new  boiler  should  be  exempt  baai 
the  same  accumulation  of  mud  which  took  place  in  ordinaiy  boilen 
using  such  water. 
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Mr.  T.  L.  LuDEBS  replied  that  lie  liad  not  any  analysis  of  the 
water  that  had  been  nsed  in  the  new  boilers,  and  did  not  know 
what  compound  of  lime  it  contained :  the  specimens  of  deposit  now 
exhibited  had  the  appearance  of  sulphate  of  lime,  bnt  he  could  not 
tell  what  wonld  be  the  effect  on  the  boiler  if  any  deposit  were  ever 
formed  that  was  elastic  enough  and  snfGlciently  firmly  fixed  not  to 
be  cracked  off  the  metal  by  the  contraction  of  the  balls  in  cooling. 
The  expanding  scraping  tool  described  in  the  paper  had  been 
constructed  to  scrape  ont  the  scale  in  such  cases  if  they  ever  arose ; 
but  no  instance  of  the  kind  had  yet  been  met  with  in  the  working 
of  the  new  boilera,  but  in  every  case  the  result  had  been  the  same  as 
regarded  the  absence  of  deposit,  in  America,  in  London,  and  also 
in  Manohester ;  and  he  therefore  thought  there  was  reason  to  hope 
it  would  be  the  same  in  a  great  many  other  cases.  In  Philadelphia 
one  of  the  boilers  had  now  been  working  regularly  for  nearly  two 
yaaara,  during  which  time  it  had  only  been  opened  once ;  and  another 
boiler  there  was  not  opened  for  a  period  of  eight  montha,  and  at 
the  end  of  that  time  the  whole  coUection  of  deposit  that  was  left 
firam  the  weekly  blowing  out  was  cleared  away  in  a  few  hours 
hj  simply  scraping  out  the  lower  line  of  bells  with  the  tool  provided 
for  the  purpose.  The  broken  casting  that  was  exhibited  from  the 
boiler  in  Manchester  had  never  been  opened  until  broken  by  the 
hammer  B&er  eight  months'  constant  work :  and  the  interior  sur&ce 
was  exactly  in  the  same  state  as  when  broken  open,  showing 
complete  freedom  from  scale  in  all  parts,  though  the  boiler  had 
been  as  much  exposed  to  the  liability  of  forming  scale  afl  any  boiler 
was  ever  likely  to  be. 

The  Chaismin  proposed  a  vote  of  thanks  to  Mr.  Colbum  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read : — 
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ON  THE 

DISTRIBUTION  OF  WEIGHT 

ON  THE  AXLES  OF  LOCOMOTIVES. 


By  Mr.  JOHN  BOBINSON,  of  Manchsstbe. 


Amongst  the  causes  affecting  the  steadiness  of  locomotiye  engiDee 
in  motion,  and  thereby  also  the  general  steadiness  of  trains  on 
railways,  the  Distribution  of  Weight  upon  the  various  Axles,  it  is 
believed,  has  not  received  the  amount  of  consideration  which 
the  subject  deserves.  There  are  numerous  circumstances  which 
must  necessarily  be  taken  into  consideration  for  determining  the 
position  of  the  axles  of  an  engine  relatively  to  its  general  mass. 
The  most  important  object  is  to  obtain  sufficient  weight  upon  ihe 
driving  wheels,  whether  single  or  coupled,  for  giving  the  amount  of 
adhesion  necessary  to  draw  the  load  and  ascend  the  gradients  for 
which  the  engine  is  to  be  adapted :  and  another  consideration  of 
great  importance  in  fixing  the  position  of  the  axles  is  the  number 
and  sharpness  of  the  curves  on  the  road  along  which  the  engine  has 
to  pass.  These  two  conditions  naturaJly  inflnenoe  the  distuioe 
between  the  several  axles  of  the  engine,  especially  the  extreme  oubb, 
the  distance  between  which  is  technically  called  the  "  wheel  base." 

These  two  main  conditions,  of  the  weight  on  the  driving  wheels 
and  the  nature  of  the  curves  on  the  line,  being  fixed,  the  question 
arises  how  best  to  distribute  the  weight  of  the  engine  on  its  axles. 
Some  idea  of  the  difficulties  surrounding  the  solution  of  this 
question  may  be  obtained  by  a  glance  at  the  accompanying 
diagrams.  Figs.  I  to  15,  Plates  24  to  28,  which  represent  some  qf  the 
multitudinous  arrangements  that  have  been  adopted  in  order  to  meet 
the  different  requirements  of  railway  companies.  Locomotives  in 
general  may  be  divided  for  the  present  purpose  into  the  fifi«en 
classes  illustrated  by  the  diagrams,  each  of  which  it  will  be  seen 
presents  different  obstacles  to  obtaining  a  proper  distribution  of 


Digitized  by  VjOOQ  IC 


DI8TEIBUTI0N   OP  WEIGHT   IN   LOCOMOTIVES.  93 

weight  upon  the  axles.  The  figures  given  as  the  weights  at  the 
several  axles  are  taken  with  an  ordinary  working  quantity  of  water 
and  fuel  in  the  boiler  and  firebox,  and  in  the  tank  engines  with 
the  tanks  fuhj  loaded. 

Kg.  1,  Plate  24.  Pour-wheeled  engines  having  Inside  cylinders 
are  generally  used  for  mineral  and  coal  lines,  and  for  forming  trains 
at  stations.  It  will  be  seen  by  the  diagram  that  a  very  large  amount 
of  weight  here  comes  upon  the  hind  axle,  in  consequence  of 
the  overhanging  firebox;  and  this  can  only  be  alleviated  by 
making  the  boiler  unusually  long  in  proportion  to  the  firegrate  and 
flue  area,  as  shown  by  the  dotted  lines.  The  actual  weights  upon 
the  axles  of  such,  an  engine  in  working  order,  with  cylinders  14  ins. 
diameter  by  20  ins.  stroke  and  wheels  3  ft.  9  ins.  diameter,  have 
been  ascertained  by  the  weighing  machine  to  be 

Leading  axle 6'00  tons 

Hind  axle        12*50    ,, 

Total  adhesion  weight     .     .     18'60    „ 

And  with  the  longer  boiler  shown  by  the  dotted  lines  the  weights  are 

Leading  axle 7*38  tons 

Hind  axle 11*80    „ 

Total  adhesion  weight      .     .     1918    „ 

The  weight  required  for  maximum  adhesion  in  this  engine  is 
18*49  tons ;  that  is  the  weight  required  for  making  use  of  the 
maximum  power  of  the  engine,  under  the  most  favourable 
circomstances  when  the  adhesion  friction  is  at  its  maximum 
amount  of  l-5th  of  the  load,  and  the  mean  effective  steam  pressure 
in  the  cylinders  throughout  the  stroke  being  taken  at  95  lbs.  per 
square  inch  in  starting  the  train. 

Fig.  2,  Plate  24.  The  unequal  distribution  of  weight  upon  the 
axles  of  inside-cylinder  four-wheeled  engines,  as  shown  in  Fig.  1, 
may  to  some  extent  be  avoided  by  placing  the  cylinders  outside  the 
frames,  as  in  Fig.  2 ;  for  in  this  case  the  increased  weight  forward 
of  the  cylinders  and  their  attachments,  and  the  possibility  of  getting 
the  straight  driving  axle  much  nearer  to  the  firebox  than  a  crank 
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axle  could  be  placed,  tend  more  nearly  to  equalise  the  weight  upon 
the  two  axles.  On  the  other  hand  a  less  substantial  engine  is  thus 
obtained,  especiaUy  where  coupled ;  since  the  coupling  rod  pSBsing 
inside  the  connecting  rod  and  the  slide  bars  renders  it  difficult  to 
secure  a  good  attachment  to  the  frames.  The  actual  weights 
ascertained  upon  the  axles  of  such  an  eng^e  in  working  order, 
with  cylinders  15  ins.  diameter  by  24  ins.  stroke  and  whedis 
4  ft.  6  ins.  diameter,  have  been 

Leading  axle 10*00  tons 

Hind  axle 11*26    „ 

Total  adhesion  weight     .    .    21-26    „ 

the  weight  required  for  adhesion  being  21*25  tons. 

In  Pour- wheeled  Tank  engines,  in  which  the  supply  of  water  and 
fuel  is  carried  by  the  engine  itself,  by  arranging  the  position  of  the 
water  tank  so  as  to  keep  its  own  weight,  as  well  as  that  of  the  water 
it  contains,  well  forward,  the  leading  axle  may  be  made  to  bear 
a  larger  proportion  of  the  additional  weight  than  the  hind  axle, 
whether  the  cylinders  be  placed  inside  or  outside  the  firames.  This 
is  however  counterbalanced  by  the  necessity  for  lengthening  the 
footplate  and  fencing  it  at  the  back,  for  the  purpose  of  canying 
the  ^el,  thereby  increasing  the  weight  overhanging^  the  hind 
axle.  The  actual  weights  obtained  in  such  an  engine,  with  inside 
cylinders  13  ins.  diameter  by  18  ins.  stroke  and  wheels  8  ft.  9  ins. 
diameter  coupled,  have  been 

Leading  axle 7'46  tons 

Hind  axle 14*96    „ 

Total  adhesion  weight      .     .    22'40    „ 

the  weight  required  for  adhesion  being  14*37  tons. 

Fig.  3,  Plate  24,  and  Fig.  4,  Plate  25.  The  next  class  of  engine 
is  that  which  has  hitherto  been  considered  the  ordinazy  type  of 
Passenger  engine,  having  six  wheels  all  uncoupled,  the  middle  or 
driving  axle  being  placed  under  the  cylindrical  part  of  the  boiler  in 
front  of  the  firebox,  the  leading  axle  behind  the  cylinders,  and  the 
hind  axle  behind  the  firebox.  In  arranging  an  engine  of  tiiifl 
description,  it  is  usually  sought  to  have  the  greatest  weight  upon 
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the  middk  axle,  then  a  less  weight  upon  the  leading,  and  a  still  less 
weight  upon  the  hind  axle;  hut  to  have  these  weights  not  so 
disproportionate  as  that  it  shall  be  impossible  to  vary  the  weight 
upon  the  middle  axle  within  a  moderate  range  by  a  corresponding 
adjustment  of  that  upon  the  leading  axle.  In  this  respect  the 
inside-cylinder  arrangement  presents  an  advantage  over  that  with 
outside  (flinders,  since  the  leading  axle  in  inside-cylinder  engines 
can  be  placed  much  nearer  to  the  smokebox  and  the  weight  upon  it 
thereby  diminished,  on  account  of  the  cylinders  not  interfering  with 
the  leading  wheels  as  in  outside-cylinder  engines.  The  connecting 
rod  also  is  then  capable  of  being  made  longer,  in  consequence  of  the 
increased  distance  from  the  smokebox  at  which  the  middle  axle  may 
be  placed  without  throwing  too  much  weight  upon  the  leading  axle, 
which  in  engines  with  short  boilers  is  often  a  matter  of  considerable 
importance.  It  may  be  remarked  that  the  arrangement  of  xmcoupled 
engines  with  all  the  axles  xmder  the  cylindrical  part  of  the  boiler 
is  now  almost  discarded,  at  least  in  this  coxmtry ;  since  they  are 
found  to  be  so  unsteady,  in  consequence  of  the  overhanging  weight 
of  the  firebox,  that  high  speeds  can  not  safely  be  accomplished 
with  them. 

Fig.  3,  Plate  24,  shows  a  good  distribution  of  the  weight  in  an 
Inside-cylinder  Passenger  engine,  having  cylinders  15  ins.  diameter 
by  20  ins.  stroke,  middle  wheels  5  ft.  6  ins.  diameter,  and  leading 
and  hind  wheels  3  ft.  6  ins.  diameter;  the  total  weight  being 
23*06  tons,  distributed  as  follows : — 

Leading  axle     ....    8*16  tons 

Middle  axle 10*10  tons 

Hind  axle 4'80    ,, 

Total  adhesion  weight      .     .    10-10    „ 
the  weight  required  for  adhesion  being  14'48  tons. 

Fig.  4,  Plate  25,  is  an  example  of  a  fisivourable  distribution  in  an 
Ontside-oylinder  Passenger  engine,  the  ''  Lady  of  the  Lake  "  of  the 
London  and  North  Western  Railway,  shown  at  the  International 
Exhibition  of  1862.  With  cylinders  16  ins.  diameter  by  24  ins. 
stroke,  middle  wheels  7  ft.  7^  ins.  diameter,  leading  and  hind 
wheels  3  ft.  8  ijos.  diameter,  the  distribution  of  the  weight  is 
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Leading  axle     ....    9*40  tons 

Middle  axle 11*50  tons 

Hindajde 6-10    „ 

Total  adhedon  weight  .    .    .  11-50   „ 
the  weight  reqnired  for  adhesion  being  14*24  tons. 

Fig.  5,  Plate  25.  The  construction  of  nnconpled  engines  with 
tanks  is  not  of  very  frequent  occurrence.  As  however  many  such 
engines  were  made  formerly,  the  distribution  of  one  is  given  with 
the  tank  placed  under  the  footplate  behind  the  firebox;  inside 
cylinders  15  ins.  diameter  by  20  ins.  stroke,  middle  wheels  5  ft 
6  ins.  diameter,  leading  and  hind  wheels  3  ft.  6  ins.  diameter. 
The  distribution  was 

Leading  axle    ....    7*35  tons 

Middle  axle 10*25  tons 

Hind  axle 6*95    „ 

Total  adhesion  weight    .    .  10'26    „ 

the  weight  required  for  adhesion  being  14*48  tons.  The  placing 
of  a  tank  underneath  the  cylindrical  portion  of  the  boiler  in  an 
outside-cylinder  uncoupled  engine  simply  tends  to  increase  the 
weight  upon  the  leading  axle,  already  too  heavily  loaded,  and  has 
not  been  extensively  adopted  within  the  range  of  the  writer^s 
observation. 

During  the  past  few  years  there  has  existed  in  this  country  a 
growing  tendency  to  adopt  engines  with  Four  Coupled  wheels  for 
the  passenger  trains  on  the  great  trunk  lines,  and  for  the  mixed 
trains  on  shorter  and  branch  railways:  in  the  former  case  in 
consequence  of  the  great  number  of  passenger  carriages  required  in 
many  of  the  trains  ;  and  in  the  latter  owing  to  the  desirability  of 
having  engines  of  sufficient  power  to  work  trains  composed  partly 
of  passengers  and  partly  of  goods.  In  most  cases  such  engines 
have  been  built  with  small  leading  wheels  and  with  the  middle  and 
hind  wheels  coupled,  under  the  impression  that  it  is  safer  to  ran  at 
high  speeds  with  wheels  of  small  diameter  in  front  than  if  their 
size  were  such  as  is  usually  employed  when  conpled  for  driving. 
In  regard  to  the  best  distribution  of  weight  upon  the  axles  of  such 
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engines,  it  is  evident  that  the  difficulty  is,  whether  in  the  case  of 
inside  or  ontside-cylinder  engines,  to  get  a  fear  proportion  of 
weight  upon  the  hind  wheels  so  as  to  justify  their  being  coupled 
to  the  middle  wheels,  assuming  the  position  of  the  hind  axle  to 
be  behind  the  firebox  :  and  in  order  to  show  that  this  question  is 
not  easy  of  solution,  the  following  instances  are  given  of  the 
distribution  of  weight  upon  the  axles  of  such  engines. 

Fig.   6,   Plate  25.     Coupled    Passenger  engine  with  Outside 
cylinders  16  ins.  diameter  by  22  ins.   stroke,  middle  and  hind 
wheels  coupled  5  fb.  7  ins.  diameter,  leading  wheels  3  ft.  7  ins. 
diameter.     Total  weight  31*60  tons,  of  which  the  distribution  is 
Leading  axle    ....     10*80  tons 

Middle  axle 11*86  tofns 

Hind  axle 8*95    „ 

Total  adhesion  weight     .     .    20*80    „ 

the  weight  required  for  adhesion  being  17*83  tons.  In  this  engine 
a  heavy  cast  iron  block  was  added,  forming  the  footplate,  in  order 
to  obtain  the  above  distribution  of  the  weight. 

Fig.  7,  Plate  26.  In  the  case  of  engines  with  Inside  cylinders  it 
is  more  easy  to  load  the  hind  wheels  sufficiently  to  prevent  an 
exaggerated  load  upon  the  leading  wheels;  because  the  latter 
being  placed  more  forward  in  the  engine  than  is  usually  possible 
with  outside  cylinders,  the  weight  on  them  is  diminished,  and  when 
the  middle  axle  is  relieved  from  unnecessary  weight  by  adjustment 
of  the  springs,  a  greater  proportion  is  taken  by  the  hind  wheels 
ihm  would  be  the  case  if  the  leading  wheels  were  nearer  the 
niiddle  wheels.  In  such  an  engine  with  cylinders  15  ins.  diameter 
by  20.  ins.  stroke,  middle  and  hind  wheels  5  ft.  6  ins.  diameter, 
leading  wheels  3  ft.  6  ins.  diameter,  total  weight  25'80  tons,  the 
distribution  has  been 

Leading  axle    ....    8*39  tons 

Middle  axle 10*00  tons 

Hind  axle 7*41    „ 

Total  adhesion  weight     .    .    17*41    „ 
the  weight  required  for  adhesion  being  14*48  tons.    In  this  engine 
extra  weighting  of  the  footplate  as  in  the  previous  instance  was  not 
TOqnired. 
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Fig.  8,  Plate  26.  Another  example  of  this  dass  of  engine  is  iliat 
in  wbicli  the  sloping  of  the  bottom  of  the  firebox  upwards  from 
fix)nt  to  back  allows  of  the  hind  axle  being  placed  nnder  the 
ashpan,  whereby  it  carries  a  much  larger  share  of  the  weight  of  the 
engine  than  would  otherwise  be  possible.  Two  instances  of  this 
kind  are  given,  because  the  distribution  seems  a  very  advantageoiu 
one,  and  has  been  obtained  without  the  addition  of  useless  weight 
to  the  engine.  An  engine  with  cylinders  17  ins.  diameter  by  22  iss. 
stroke,  middle  and  hind  wheels  6  ft.  6  ins.  diameter,  leading  wheels 
4  ft.  0  ins.  diameter,  had  the  following  distribution : — 
Leading  axle    ....     9*86  tons 

Middle  axle 11-57  tonB 

Hindaade 9*71    „ 

Total  adhesion  weight    .     .  21*28    „ 

the  weight  required  for  adhesion  being  17*29  tons.      In  another 
engine,  with  the  same  size  of  cylinders  and  wheels,  the  distribution 

was 

Leading  axle    ....     9*56  tons 

Middle  axle 11-01  tons 

Hind  axle 9'80    „ 

Total  adhesion  weight    .    .    20-81    „ 

the  weight  required  for  adhesion  being  17*29  tons. 

When  it  is  desired,  as  is  not  un£requently  the  case,  to  constmct 
such  engines  for  carrying  their  own  supply  of  fhel  and  water,  it 
is  easy  so  to  arrange  the  position  of  the  tanks  as  to  get  an  excellent 
distribution  of  weight  upon  the  wheels;  and  if  the  tanks  be 
conveniently  placed  on  the  side  frames  pretty  equally  over  the 
coupled  axles,  the  loading  and  unloading  of  the  coupled  whpds  in 
moderately  equal  proportions  is  secured,  when  the  tanks  are  first 
filled  and  afterwards  gradually  emptied  by  the  supply  to  the  boilers : 
whereas,  when  the  tank  is  placed  under  the  footplate,  the  hind  axle 
has  a  much  larger  proportion  of  the  gross  weight  of  the  engine 
to  carry  when  the  tank  is  ftdl  than  when  it  is  empty.  The  weighi» 
obtained  in  an  engine  of  this  class,  with  cylinders  15  ins.  diameter 
by  20  ins.  stroke,  middle  and  hind  wheels  5  ft.  0  ins.  diameter, 
leading  wheels  3  ft.  6  ins.  diameter,  have  been 
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Leading  axle     ....    8'50  tone 

Middle  aade 10*13  tons 

Hind  axle 9*51    „ 

Total  adhesion  weight      .     .   19-64    „ 

the  weight  required  for  adhesion  being  15*94  tons. 

Kg.  9,  Plate  26.  One  of  the  most  generally  nseftd  classes  of 
engine  for  the  common  purposes  of  railways  is  the  six- wheeled 
engine  having  the  Four  front  wheels  Coupled,  since  it  can  be  used 
for  ordinaiy  goods  trains,  or  for  heavy  passenger  trains  when  not 
ran  at  too  great  a  speed.  The  advantage  of  such  an  arrangement 
of  engine,  if  made  with  Inside  cylinders,  is  that  nearly  the  whole 
weight  of  the  engine  may  be  conveniently  distributed  upon  the  four 
oonpled  wheels,  leaving  but  a  small  proportion  for  the  hind  wheels, 
which  in  this  case  do  Httle  more  than  serve  to  avoid  the 
diBadvantages  of  an  overhanging  firebox.  Where  the  load  to  be 
drawn  permits  the  use  of  such  an  engine,  the  additional  wear  and 
tear  necessarily  following  upon  the  adoption  of  six  coupled  wheels 
is  obviatecl.  The  following  is  a  good  example  of  distribution  of 
weight  on  the  axles  of  an  engine  of  this  class,  with  inside 
cylinders.  16  ins.  diameter  by  22  ins.  stroke,  leading  and  middle 
wheels  5  ft.  0  ins.  diameter,  hind  wheels  3  ft.  6  ins.  diameter : — 

Leading  axle 9*77  tona 

Middle  axle 1027    „ 

Hind  axle 4*42  tons 

Total  adhesion  weight     .     .    2004    „ 

the  weight  required  for  adhesion  being  19*91  tons. 

Pig.  10,  Plate  27.  It  is  evident  that  by  changing  the  relative 
pofdtions  of  the  leading  and  middle  axles,  the  distribution  of  the 
weight  in  the  last  example  may  be  varied  as  required  without 
danger  of  getting  a  disproportionate  length  of  connecting  rod. 
Bat  where  such  engines  are  to  be  constructed  with  Outside 
cjlinders,  a  difficulty  as  to  distribution  immediately  arises,  since 
the  large  diameter  of  the  front  wheels  renders  it  necessary  that  the 
leading  axle  be  placed  at  a  considerable  distance  behind  the 
cylinders,  and  thus  a  much  larger  proportion  of  the  weight  of  the 
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engine  is  thrown  upon  the  leading  wheels  than  is  either  necessary 
or  desirable.  The  distribution  obtained  in  an  engine  with  outside 
cylinders  15  ins.  diameter  by  22  ins.  stroke,  leading  and  middle 
wheels  4  ft.  6  ins.  diameter,  has  been 

Leading  axle 10*00  tons 

Middle  axle 11-07     „ 

Hind  axle 4*62  tons 

Total  adhesion  weight    .     .    21*07     „ 
the  weight  required  for  adhesion  being   19*47   tons. 

Engines  of  this  class  are  sometimes  required  to  carry  their  own 
supply  of  water  and  fuel,  in  which  case  it  seems  most  desirable  to 
place  the  water  tank  on  the  top  of  the  boiler,  so  as  to  increase  tlie 
load  proportionately  on  the  coupled  wheels,  and  let  the  hind  wheels 
carry  the  increased  weight  involved  in  the  fuel  boxes  and  fiiel. 
This  arrangement  secures  an  equal  increase  and  decrease  in  tlie 
projwrtion  of  the  weight  carried  by  the  coupled  wheels,  as  the 
tank  is  filled  and  emptied ;  and  avoids  the  objection  that  arises  in 
placing  the  tank  under  the  footplate,  from  the  great  disproportion  of 
the  load  upon  the  hind  wheels  when  they  carry  nearly  the  whole 
weight  of  the  water,  fuel,  and  tanks.  The  distribution  of  weight  in 
a  ''  saddle  "  tank  engine,  having  Inside  cylinders  14  ins.  diameter  hj 
20  ins.  stroke,  leading  and  middle  wheels  4  ft.  9  ins.  diameter,  is 

Leading  axle 9*60  tons 

Middle  axle 11*24    „ 

Hind  axle    ....     6*07  tons 

Total  adhesion  weight  .  .  20*84  „ 
the  weight  required  for  adhesion  being  14*59  tons.  Should  it  be 
desired  to  add  tanks  to  engines  of  this  class  with  OtTtside  cylinders, 
it  is  clear  that  a  certain  amount  of  the  superfluous  weight  upon  the 
leading  wheels  might  be  counterbalanced  by  placing  the  tank  under 
the  footplate;  but  the  disadvantage  would  still  continue  of 
disproportionately  loaded  axles,  according  as  there  was  a  greater  or 
less  quantity  of  water  in  the  tank. 

Pig.  11,  Plate  27.  The  next  class  of  engines  to  be  referred  to  is 
that  used   for  heavy  goods  traffic  with  all   Six  wheels  Coupled. 
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Sach  engines  constructed  with  Inside  cylinders  are  very  common, 
though  a  good  distribution  of  weight  upon  their  axles  is  not 
easy,  since  the  hind  axle  when  placed  behind  the  firebox  has 
naturally  bnt  a  comparatively  small  proportion  of  the  weight  of  the 
engine  to  carry ;  and  if,  in  order  to  obviate  this  disadvantage,  it  is 
sought  to  move  the  middle  axle  nearer  to  the  cylinders,  the  due 
length  of  the  connecting  rod  is  sacrificed,  unless  the  length  of  the 
boiler  be  increased,  giving  a  corresponding  increase  in  the  wheel 
base  of  the  engine,  which  in  railways  having  sharp  curves  is  by  no 
means  desirable,  especially  in  an  engine  having  all  the  wheels 
coupled.  A  favourable  distribution  of  weight  in  an  engine  of  this 
kind  with  inside  cylinders,  16  ins.  diameter  by  24  ins.  stroke,  and 
wheeb  5  ft.  Ij  in.  diameter,  is 

Leading  axle 10*60  tons 

Middle  axlo 1090    „ 

Hind  axle 726    „ 

Total  adhesion  weight    .     .     28*75    „ 

the  weight  required  for  adhesion  being  21*18  tons,  and  the  wheel 
base  16  ft.  8  ins. 

Fig.  12,  Plate  27.  A  large  number  of  engines  with  Six  Coupled 
wheels  have  been  built  vdth  all  their  axles  underneath  the 
cylindrical  part  of  the  boiler,  so  as  to  attain  the  double  object  of 
a  short  wheel  base  and  a  more  equal  distribution  of  weight  upon 
the  axles.  With  such  an  arrangement  the  following  have  been  the 
results  in  an  engine  with  inside  cylinders  18  ins.  diameter  by 
24  ins.  stroke,  and  wheels  5  ft.  0  ins.  diameter : — 

Leading  axle 7*70  tons 

Kiddle  axle 10*85     „ 

Hind  axle 9  95    „ 

Total  adhesion  weight    .     .    28*00    „ 

the  weight  required  for  adhesion  being  27*45  tons,  and  the  wheel 
base  12  ft.  2  ins.  The  advantage  so  obtained  of  a  short  wheel  base  is 
however  counterbalanced  to  a  considerable  extent  by  the  instability 
created  by  the  overhanging  firebox,  which,  when  the  firebox  is 
large,  is  a  matter  of  serious  importance. 
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Fig.  13,  Plate  28.  As  a  mean  between  the  extremes  of  the 
last  two  examples  stands  the  Six- wheeled  Goods  engine  with  long 
firebox  having  the  grate  sloping  upwards  firom  front  to  back.  In 
this  case  not  only  is  the  wheel  base  shortened  as  compared  wibhthe 
engine  shown  in  Fig.  11 ;  but  the  weight  on  the  hind  axle,  owing  to 
its  position  under  the  ashpan,  is  increased  as  compared  with  engines 
haying  the  hind  coupled  axle  behind  the  firebox.  The  distributioD 
of  weight  in  such  an  engine,  with  inside  cylinders  17  ins.  diameter 
by  24  ins.  stroke,  and  wheels  5  ft.  0  ins.  diameter,  has  been 

Leading  axle 10*64  tons 

Middle  axle 11-67    „ 

Hind  axle 9*78    „ 

Total  adheaion  weight    .     .     81*94    „ 

the  weight  required  for  adhesion  being  24*53  tons,  and  the  wheel 
base  15  ft.  6  ins. 

Fig.  14,  Plate  28.  The  construction  of  engines  having  Six  Coupled 
wheels  with  Outside  cylinders,  although  frequently  met  with  on  the 
continent,  is  in  this  country  very  unusual,  since  such  an  arrangement 
aggravates  the  disproportion  between  the  weight  upon  the  leading 
and  that  upon  the  hind  axle,  when  the  hind  axle  is  placed  behind 
the  firebox ;  although  in  the  cases  where  the  axles  are  all  under  the 
boiler,  the  greater  weight  and  more  forward  position  of  the  outside 
cylinders  tends  in  some  measure  to  counterbalance  the  overhanging 
firebox.  The  distribution  obtained  in  an  outside-cylinder  engine 
with  overhanging  firebox,  having  cylinders  17 ^  ins.  diameter  by 
24|  ins.  stroke,  and  wheels  4  ft.  3  ins.  diameter,  has  been 

Leading  axle 11*20  tons 

Middle  axle 10*46    ,, 

Hind  axle 10*95    „ 

Total  adhesion  weight     .     .    82*61    „ 
the  weight  required  for  adhesion  being  30*35  tons,  and  the  wheel 
base  11  ft.  0  ins. 

For  Mineral  and  Goal  traffic,  engines  are  frequently  oonstnicied 
having  six  wheels  coupled  and  with  tanks  for  their  water  and  fiiel 
supply.  As  in  the  case  of  other  engines  with  the  hind  wheels 
coupled,  so  here  the  position  of  the  tanks  can  be  so  arranged  as  to 
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equalise  the  nnfayonrable  distribution  of  weight  upon  the  hind 
wheels  when  the  hind  axle  is  placed  behind  the  firebox ;  since  by 
fixing  a  long  side  or  wing  tank  on  each  side  of  the  engine  over  the 
middle  and  hind  axles,  it  becomes  possible  to  adjust  the  weight  on 
these  two  axles  in  such  a  manner  as  to  be  somewhat  in  proportion 
to  that  upon  the  leading  axle,  when  the  ^el  and  water  supply  is  at 
its  average  amount.  The  distribution  of  weight  obtained  in  an 
engine  of  this  dass,  with  cylinders  16  ins.  diameter  by  24  ins.  stroke, 
and  wheels  4  ft.  6  ins.  diameter,  has  been 

Leading  axle 9*80  tons 

Middle  axle 10-86    „ 

Hind  axle 9*80    ,, 

Total  adhesion  weight     .     .    30'45    „ 

the  weight  required  for  adhesion  being  2413  tons,  and  the  wheel 

base  12  ft.  6  ins. 

In  some  instances  such  engines  are  constructed  with  the  tank 

nnder  the  footplate,  but  these  are  again  subject  to  the  disadvantage 

of  too  great  a  variation  in   the  weight  upon  the  hind  wheels, 

depending  upon  whether  the  tank  and  fuel  boxes  are  empty  or  full. 

In  an  engine  built  thns,  with  cylinders  16  ins.  diameter  by  22  ins. 

stroke,  and  wheels  3  ft.  10  ins.  diameter,  the  distribution  has  been 

Tiflading  axle 8*40  tons 

Middle  axle 10*62    „ 

Hind  axle 9*79    „ 

Total  adhesion  weight    .     .    28-81    „ 

the  weight  required  for  adhesion  being  25*96  tons,  and  the^wheel 
base  13  ft.  5  ins. 

On  Mineral  railways  having  sharp  curves  it  is  frequently  desired 
to  reduce  the  wheel  base  to  the  smallest  possible  limit,  and 
consequently  all  the  axles  of  ihJb  engines  are  placed  between  the 
firebox  and  smokebox.  Under  these  circumstances  the  tank  has 
to  be  placed  on  the  top  of  the  boiler,  and  so  arranged  that  whether 
fiill  or  empty  each  pair  of  wheels  shall  be  proportionately  loaded 
and  relieved.  The  distribution  of  weight  in  such  an  engine,  with 
inside  cylinders  16  ins.  diameter  by  24  ins.  stroke,  and  wheels 
4  ft.  6  ins.  diameter,  has  been 
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Leading  axle 8'50  tons 

Middle  axle 11-00    „ 

Hind  axle    .  ^ 10-75    „ 

Total  adhesion  weight    .     .     30*25    „ 

the  weight  required  for  adhesion  being  24*18  tons,  and  the  wbeel 
base  11  fb.  8  ins. 

Fig.  15,  Plate  28.  Bogie  Engines  have  been  rendered  necessary 
by  the  construction  of  railways  with  not  very  heavy  permanent  way 
and  sharp  curves ;  in  consequence  of  which  a  short  wheel  base  has 
become  a  necessity,  and  in  heavy  engines  it  has  been  found  requisite 
to  carry  the  weight  of  the  leading  end  upon  four  wheels  instead  of 
upon  two,  the  wheels  being  placed  very  far  forward  and  thereby 
necessitating  considerable  lateral  freedom  of  motion  upon  the  corves. 
Engines  of  this  class  working  vnth  tenders  and  having  their  middle 
and  hind  wheels  coupled  are  used  almost  universally  on  the  American 
railways,  both  for  passenger  and  goods  traffic.  It  appears  that  in 
engines  so  constructed  a  considerable  amount  of  the  weight  of  the 
engine  which  ought  to  be  available  for  adhesion  is  carried  on  the 
bogie  wheels,  in  consequence  of  the  increased  weight  of  the  engine 
involved  in  the  use  and  construction  of  the  bogie,  together  with 
the  heavy  spark-catching  chimney,  and  the  usual  cow-catcher  in 
front,  as  shown  in  Fig.  15.  An  incidental  objection  to  the  use  of 
bogies  is  the  necessity  for  employing  wheels  of  small  diameter,  so  as 
to  obtain  clearance  under  the  frames  and  cylinders,  their  diameter 
being  usually  less  than  that  of  the  carriage  and  wagon  wheels.  The 
weights  obtained  in  an  engine  of  this  kind,  with  outside  cylinders 
13  ins.  diameter  by  18  ins.  stroke,  and  four  coupled  driving  wheels 
5  ft.  6  ins.  diameter,  have  been 

Bogie  asleB 8-00  tons 

Middle  axle 850  tons 

Hind  axle 7  50    „ 

Total  adhesion  weight    .     .     .  16]00    „ 
the  weight  required  for  adhesion  being  9*79  tons,  and  the  wheel 
base  13  ft.  6  ins.  from  centre  of  bogie  to  hind  wheel  centre.    When 
it  is  desired  to  carry  a  water  tank  in  such  engines,  the  tank  may  be 
so  arranged  as  to  throw  all  the  additional  weight  upon  the  conpled 
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wheels,  and  indeed  as  &;r  as  possible  to  equalise  the  weight  npon 
them. 

With  regard  to  the  general  principles  of  distribution  of  weight 
upon  the  axles  of  six-wheeled  locomotive  engines,  it  seems  to  be  the 
conmion  opinion  that  the  middle  axle,  to  which  the  power  is  first 
applied  firom  the  cylinders,  should  carry  the  greatest  weight,  and 
next  to  this  the  leading  axle,  thus  leaving  the  lightest  load  to  be 
borne  hy  the  hind  axle ;  this  arrangement  being  thought  desirable 
with  a  view  to^  keep  tbe  front  of  the  engine  heavier  on  the  rails 
than  the  hind  end,  and  so  secure  it  from  risk  of  jumping  off. 
The  writer  would  however  suggest  wbetber  such  a  necessity  for 
placing  a  greater  load  on  the  leading  than  on  the  hind  axle  really 
exists ;  since  it  seems  unlikely  that  any  engine  witb  a  reasonable 
weight  upon  the  leading  axle,  and  consequently  with  a  reasonably 
strong  spring  for  keeping  the  wheels  down  on  the  road  in  the  event 
of  blows  being  received,  could  ever  leave  the  line  merely  because  the 
hind  axle  carried  a  greater  amount  of  weight  than  the  leading  axle. 
It  should  ftirther  be  remembered  that  in  all  cases  where  the  hind 
wLeels  of  an  engine  are  coupled  and  the  leading  wheels  not  so, 
an  arrangement  which  is  becoming  more  and  more  frequent,  it  is 
absolutely  desirable,  in  order  to  obtain  the  maximum  adhesion,  that 
the  hind  coupled  wheels  should  carry  a  weight  nearly  equal  to 
that  upon  the  middle  wheels,  and  consequently  greater  than  that 
usually  placed  upon  the  leading  wheels.  In  this  respect  there  is 
a  disadvantage  in  the  employment  of  engines  with  outside  cylinders, 
because  of  tbe  greater  weight  of  the  front  part  of  the  engine  in  that 
arrangement,  and  the  consequent  loss  of  a  larger  proportion  of  the 
total  weight  for  adhesion.  This  objection  applies  only  to  outside 
cylinder  engines  having  their  leading  wheels  uncoupled :  but  on  the 
other  hand  to  couple  the  leading  wheels  of  such  engines  involves 
considerable  complications  and  difficulties. 

Another  point  of  interest  connected  with  the  distribution  of  the 
weight  is  the  effect  produced  upon  the  stability  of  a  locomotive  by 
the  difference  between  the  portion  gf  weight  carried  upon  each 
spring  and  the  total  weight  carried  by  the  rail  at  each  wheel :  in  all 
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the  preceding  examples  of  distribntion  that  have  been  given^  the 
weights  stated  are  those  npon  the  rails  at  each  axle.  In  en^es 
with  inside  cylinders  this  difference  is  often  very  considerable,  and 
must  exercise  a  great  influence  upon  the  tendency  to  rise  and  fall 
on  the  springs ;  and  often  when,  in  taking  account  of  the  weight 
upon  the  rails  only,  the  front  pair  oi  wheels  is  found  to  press  upon  the 
rails  with  a  less  weight  than  the  hind  wheels,  the  &ot  is  lost  sight 
of  that  the  weight  upon  the  leading  springs  is  greater  than  upon 
the  hind  pair,  and  the  tendency  to  leave  the  road  is  consequently 
diminished  in  front.  This  arises  from  the  circumstance  that,  in  tlie 
case  of  the  middle  and  hind  coupled  wheels,  the  weight  of  the  parts 
not  carried  by  the  springs — ^namely  the  wheels,  axles,  axlehozes, 
springs,  and  gearing — ^is  greatly  in  excess  as  compared  with  the 
weight  of  the  corresponding  parts  not  carried  by  the  front  springs. 
As  an  instance  may  be  taken  one  of  the  engines  already  referred 
to.  Fig.  8,  Plate  26,  being  an  inside-cylinder  engine  with  cranked 
middle  axle,  having  cylinders  17  ins.  diameter  by  22  ins.  stroke, 
leading  wheels  4  ft.  0  ins.  diameter,  middle  and  hind  wheels  coupled 
6  ft.  6  ins.  diameter.  Here  the  weights  upon  the  rails  and  upon 
the  springs  at  the  several  axles  were  as  follows  : — 

Weight  ni»on  .Weight  upon 

Bails.  Springs. 

Leading  axle ....      9*36  tons     .    .    7*91  tons. 
Middle  axle    ....    11-57    „       .     .    777    „ 
Hind  axle       ....      9*71    „       .     .    6*78    „ 
thus  showing  that  the  mass  of  the  engine  above  the  springs,  and 
having  liberty  to  leave  a  line  parallel  to  the  plane  of  the  railway, 
had  a  sufficient  excess  of  weight  in  front  to  "  keep  down  the  nose," 
amounting  to  1*13  tons  excess  of  weight  upon  the  leading  springs  as 
compared  with  the  hind  springs ;  although  the  weight  obtained  for 
adhesion  by  coupling  the  hind  wheels  was  0*35  ton  greater  than  if 
the  front  wheels  had  been  coupled  instead.     In  this  example  the 
proportion  of  the  weight  carried  on  the  springs  to  the  total  weight 
upon  the  rails  at  each  axle  was,  at  the  leading  axle  85  per  cent., 
at  the  middle  axle  ^7  per  cent.,  and  at  the  hind  axle  70  per  cent.; 
the  total  weight  carried  upon  the  springs  being  73  per  cent,  of  the 
total  weight  on  the  rails. 
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The  dificnlties  now  presented  to  the  proper  distribution  of 
weight  npon  the  axles  of  locomotives  are  considerably  increased  by 
the  prevalent  adoption  of  sharper  curves  in  the  construction  of 
railways  than  were  formerly  used,  and  the  consequent  necessity  for 
shortening  the  wheel  base.  Continental  engineers  have  been 
driven  by  similar  difficulties  to  adopt  in  a  large  number  of  cases 
the  plan  of  placing  all  the  axles  of  the  engine  under  the 
cylindrical  part  of  the  boiler,  thus  gaining  a  short  wheel  base  by 
letting  the  firebox  overhang  behind.  This  plan  is  liable  to  considerable 
objection,  on  account  of  overloading  the  hind  axle  of  the  engine 
to  such  an  extent  as  to  cause  a  galloping  motion  when  running 
&8t;  and  as  it  has  now  become  more  necessary,  firom  the  introduction 
of  coal  as  fuel  and  for  other  reasons,  to  adopt  fireboxes  of  larger 
dimensions  and  increased  weight,  the  objection  to  their  overhanging 
the  hind  axle  had  been  proportionately  increased.  At  the  same 
time  the  arrangement  of  sloping  firegrate  already  referred  to  greatly 
fiusilitates  the  adjustment  of  weight  upon  the  hind  wheels ;  since, 
when  the  frames  are  placed  outside  the  wheels,  the  axle  may  pass 
across  under  the  firebox  at  any  point  necessary  to  bring  the  desired 
weight  upon  it,  so  that  not  only  is  the  long  wheel  base  avoided, 
bat  also  the  overhanging  of  the  firebox ;  while  the  instability  of 
the  engine  consequent  upon  the  latter  is  guarded  against.  An 
unavoidable  weight  is  often  thrown  upon  the  leading  uncoupled 
axles  of  locomotives  by  the  obligation  of  keeping  the  middle  axle 
sufficiently  fiur  back  to  get  adequate  length  of  connecting  rod: 
hence  it  becomes  necessary  in  some  instances  either  to  increase 
the  length  of  the  boiler  in  order  to  obtain  sufficient  weight  behind 
the  middle  axle,  thus  involving  a  considerable  lengthening  of  the 
wheel  base ;  or  else  to  adopt  the  heavy  sloping  firebox  accompanied 
by  outside  frames. 

By  care  in  arranging  the  position  of  the  middle  axle  of  a 
locomotive  in  relation  to  the  centre  of  gravity  of  the  mass  carried 
upon  the  springs  (not  the  centre  of  gravity  of  the  whole  engine) 
a  fair  distribution  of  the  weight  may  usually  be  secured.  It  is 
evident  that  only  the  portion  of  the  engine  above  the  springs  can 
he  affected  by  the  adjustment  of  the  spring  attachments ;    and  it 
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will  be  found  that  the  centre  of  graviiy  of  this  portion  yaries  to  the 
extent  of  some  inches  from  that  of  the  whole  mass  of  the  engine. 
Taking  then  as  a  basis  the  centre  of  gravity  of  this  adjustable 
portion  of  the  engine,  the  effect  produced  upon  the  distribaiajMi  of 
the  load  by  any  alteration  either  in  the  position  of  the  aides  or  in 
the  screwing  np  of  the  spring  links  can  be  readily  calculated  by 
dividing  the  total  adjustable  load  in  such  proportions  that  the 
products  of  the  several  loads  upon  the  axles  multiplied  by  their 
respective  distances  from  the  centre  of  graviiy  shall  balance 
one  another  on  each  side  of  that  centre. 

In  the  following  example  the  results  thus  obtainfid  by 
calculation  were  verified  by  the  actual  weights  u])on  a  weighing 
machine,  in  the  case  of  a  single  passenger  engine,  having  the  oenizre 
of  gravity  of  the  adjustable  load  8^  inches  in  front  of  the  middle 
axle,  as  shown  at  G  in  Fig.  16,  Plate  29,  the  leading  axle  being 
6  ft.  8  ins.  in  front  of  the  middle  axle,  and  the  hind  axle  8  ft.  0  ins. 
behind  it.  The  several  distances  of  the  axles  from  the  centre  of 
gravity  were  consequently,  leading  axle  71\  ins.  forward,  and 
middle  and  hind  axles  8^  and  104|  ins.  respectively  backward, 
as  shown  in  Fig.  16.  The  middle  driving  springs  were  screwed 
up  in  the  three  weighings  according  to  the  several  different 
adjustments  enumerated,  the  load  then  apportioning  itself  corres- 
pondingly at  the  leading  and  hind  axles,  as  follows : — 

Leading  axle.        Middle  axle.         Hindaade.      Total  Weight 

TonB.        Tons.        Tons.       Tom. 

let  weighing    11-85  +        10*20  +       8-05       =«       3010 

2nd      „  10-65  +        12-60  +       7*05       «       8010 

3rd       „  9-66  +        14-20  +       6'26       ^       80-10 

These  being  the  actual  results  ascertained  by  the  weighing  machine, 
the  following  are  the  results  obtained  by  calculation  of  the 
distribution  of  the  weight,  starting  in  each  case  with  the  respectiTo 
loads  above  given  at  the  middle  axle.  The  constant  weight  at  tbe 
several  axles  (that  is  the  weight  of  the  wheels,  axle,  axkboxes, 
springs,  and  gearing)  was,  leading  1*76  tons,  middle  3'66  tons,  and 
hind  1-68  tons;  total  710  tons,  leaving  2300  tons  adjustable 
weight  above  the  springs. 
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OcUculated  Distribution  of  Weight, 


Leading 
axle. 

Middle 
axle. 

Hind 
axle. 

Total 
Weight. 

lat  weighixig. 

10*20  tons 

at  ICiddle  axle. 

(See  Note  A.) 

A^oBtable  weight 
Constant 

Total  .    .    . 

TbnB. 

10-09 

1-76 

Tons. 
6-64 
8-66 

TODB. 

6-37 
1-68 

Tons. 

23-00 

710 

11-86 

10-20 

805 

3010 

2iid  weighing. 

ia-60  tons 
at  Kiddle  axle. 

(See  Note  B.) 

Adjustable  weight 
Constant        „ 

Total  .     .     . 

8-83 
1-76 

8-84 
8-66 

5-33 
1-68 

23-00 
710 

10-59 

12-50 

7-01 

3010 

8rd  weighing. 

14-20  tons 

at  Middle  axle. 

(See  Note  C.) 

Af^nstable  weight 
Constant       „ 

Total  .    .    . 

7-91 
1-76 

10-54 
3-66 

4-55 
1-68 

23-00 
710 

9-67 

14-20 

6*28 

3010 

The  effect  that  would  be  caused  in  reHeying  the  leading  axle  of 
a  portion  of  the  weight  by  shifting  the  position  of  the  middle  axle  in 
this  engine  is  ascertained  by  the  following  calcnlation  for  a  case  of 
shifting  the  axle  6  ins.  more  forward,  as  shown  by  the  dotted 
position  in  Fig.  16,  Plate  29,  in  the  instance  of  the  second  of  the 
above  adjustments  of  the  middle  springs,  with  12-50  tons  total  at 
the  middle  axle  : — 


(See  Note  D.) 

Adjustable  weight 
Constant        ,, 


Leading  axle. 
Tons. 
8-53    . 
1-76    . 


Total. 


10-29 


Middle  axle. 
Tons. 
8-84    . 
3-66    . 

.     12-50    . 


Hind  axle. 
Tons. 
5-63    . 
1-68    . 

7-31     . 


Total  Weight. 
Tons. 
.    23-00 
710 

.    80-10 


""^SSSwel^     ]       1^-     .^ 


50 


7-05 


30-10 


the  effect  produced  being  therefore  a  transference  of  ^  ton  from  the 
leading  to  the  hind  axle  by  shifting  the  middle  axle  6  ins.  forwarder. 

Tons.        Ins.  Tons.       Ins.  Tons.        Ins. 

Note  A.  10-09  x  71^  -  (  654  x  Sk)  +  (637  x  104^) 
„  B.  8-83  X  71^  -  (  8-84  x  8i)  +  (633  x  104i) 
„  C.  7-91  x  71i  =  (10-54  X  8i)  +  (4-55  x  104J) 
„  D.  8-53  X  71i  =  (  8-84  X  2i)  +  (563  x  104i) 
The  reapectiTe  lererages  are  marked  in  Fig.  16,  Plate  29. 
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In  the  case  of  engines  with  the  middle  and  hind  wheels  coupled, 
Gompensating  or  Connecting  Levers  are  frequently  employed,  as 
shown  in  ¥ig.  17,  Plate  29,  for  the  porpose  of  equalising  the  weights 
on  the  two  driving  axles.  The  back  end  of  the  middle  spring  and 
the  front  end  of  the  hind  spring  are  connected  together  hj  the 
lever,  which  is  attached  to  the  frame  of  the  engine  hy  a  centre 
pin  A  on  which  it  vibrates,  the  other  two  ends  of  the  springs  being 
each  connected  direct  to  the  frame  as  usual.  When  the  two  amis 
of  the  lever  are  equal  in  length,  the  weights  carried  bj  the  two 
springs  are  necessarily  rendered  equal,  however  different  they  may 
have  been  when  the  springs  were  attached  direct  to  the  frame  at 
both  ends,  before  connection  by  the  lever;  because  the  forces 
of  tension  at  the  two  ends  of  an  equal-armed  lever  must  always 
be  equal.  This  change  in  the  distribution  of  the  load  is  produoed 
by  the  more  heavily  loaded  middle  spring  becoming  partially 
released  from  compression,  adding  at  the  same  time  to  the 
compression  of  the  more  lightly  loaded  hind  spring  through  the 
action  of  the  connecting  lever,  as  shown  in  Fig.  18.  The  effect  of 
the  connecting  lever  is  thus  to  blend  the  two  springs  into  one,  and 
to  produce  the  same  distribution  of  load  as  if  the  middle  and  hind 
axles  were  removed  and  replaced  by  a  single  axle  fixed  in  the 
position  of  the  axis  A  of  the  connecting  lever  and  carrying  their 
combined  load ;  thereby  transforming  the  engine  in  effect  into 
a  four-wheeled  engine.  Exactly  the  same  result  however  can  be 
prodnced  without  the  connecting  lever,  by  simply  screwing  up  the 
hind  spring  to  the  same  extent  as  it  is  compressed  by  the  action  of 
the  lever,  and  slacking  back  the  middle  spring  to  the  corresponding 
extent.  But  the  objectionable  result  then  arises  in  both  cases  aEke, 
that  a  portion  of  the  load  of  which  the  middle  wheels  are  relieved 
is  thrown  upon  the  leading  wheels,  thereby  causing  the  loss  of  so 
much  of  the  total  driving  adhesion ;  since  the  leading  axle  is  the 
frdcrum  upon  which  the  engine  is  lifted  when  screwing  np  the  hind 
springs,  as  shown  by  the  diagram.  Fig.  19,  Plate  29.  Where  the 
connecting  lever  is  inserted  between  the  leading  and  middle  ^rings, 
the  same  remark  applies  to  the  effect  produced  on  the  distribution 
of  the  weight  as  where  the  middle  and  hind  springs  are  connected  by 
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a  lever:  that  no  distribution  of  the  weight  is  thereby  obtained 
which  cannot  be  equally  obtained  with  independent  springs. 
It  lias  to  be  remarked  boweyer  that,  in  conseqaenoe  of  the  engine 
being  transformed  Tirtoally  into  a  four-wheeled  engine  by  the 
insertion  of  connecting  levers,  the  original  distribution  of  the 
weight  can  never  be  altered  in  any  degree  after  the  engine  is  built 
and  fitted  with  the  levers ;  whereas  with  independent  springs  the 
six- wheeled  engine  retains  the  full  advantage  of  its  three  axles, 
whereby  the  original  distribution  of  the  weight  can  be  altered  at  any 
BubBequent  time  within  a  yeiy  extensive  range,  as  is  seen  by 
the  example  already  given  of  the  three  weighings  of  the  same 
engine.  Moreoyer  with  a  connecting  leyer  of  equal  arms,  although 
the  weights  upon  the  connected  springs  are  rendered  equal,  the 
pressure  of  the  wheels  upon  the  rails  and  consequently  their  adhesion 
will  still  be  unequal,  on  account  of  the  greater  weight  of  the  middle 
axle  and  gearing. 

These  conclusions  are  illustrated  by  the  following  examples, 
obtained  by  actual  trials  of  the  distribution  by  means  of  the 
accompanying  working  model,  constructed  for  the  purpose  of 
demonstrating  the  real  action  of  the  connecting  lever.  The  model 
represents  an  engine  frame  supported  by  spring  balances  at  three 
points  corresponding  to  the  position  of  the  three  axles  in  the 
engme,  and  weighted  by  adjustable  weights  at  the  point  where  the 
centre  of  gravity  of  the  portion  of  the  engine  above  the  springs 
would  be  situated,  with  a  connecting  lever  of  equal  arms  between 
the  middle  and  hind,  or  the  leading  and  middle  springs,  capable  of 
being  thrown  in  or  out  of  action  as  desired ;  the  scales  of  the 
spring  balances  thus  affording  a  ready  means  of  reading  off 
accurately  the  actual  distribution  of  the  weight  at  each  spring  in 
the  several  trials.  The  model  was  weighted  to  represent  an  engine 
having  an  adjustable  weight  of  22*37  tons,  with  the  centre  of 
gravity  in  front  of  the  middle  axle ;  and  the  connecting  lever  was 
inserted  first  between  the  middle  and  hind  springs,  and  afterwards 
between  the  leading  and  middle  springs.  The  weight  was  first 
distributed  on  the  several  springs  by  means  of  the  spring  links 
alone,  the  connecting  lever  being  fixed  so  as  to  be  out  .of  action ;  the 
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lever  was  tiien  releaBed  and  thrown  into  action,  when  the  weight 
aBBiuned  the  new  distribution  recorded;  after  which  this  last 
distribution  was  again  effected  by  means  of  the  independent  spiingB, 
the  connecting  lever  being  thrown  out  of  action  as  before.  The 
slight  discrepancies  in  the  results  arose  from  the  Motion  of  the 
model,  which  could  not  be  entirely  got  rid  of. 

With  the  connecting  lever  between  tbe  middle  and  hind  springs, 
the  following  were  the  results  read  off  from  the  spring  balances  :— 

Leading  spring.  ICIddle  Bpring.       Hindsprin?. 

Tons.  Tons.  Tm». 

Original  distribution  ")        ^.  ^^^  ^  ^ 

Sit  oounecting  lever  I       «»'  .         9iX>  .         iOO 

Leyer  in  action 11-12  6*72    connected  5*52 

Same    distribution  >      ^,  ,,  ^^„  ^_ 

.^.    .   _         _     ^       .         \     1111  .  6^9  .  5-51 

with  independent  springs  ) 

With  the  connecting  lever  between  the  leading  and  middle 
springs,  the  results  obtained  were  the  following : — 

Tiewting  spring.     Kiddle  spring.       Hind  spring. 
Tons.  Tons.  Todh. 

Original  difitribntion 

withotit  connecting  lever 

Lever  in  action 9-13    connected  9*10  4*18 

Hft-mft    distribtitioii  '^ 

^^.  rv    !:  .     .     {    9'i2      .      910      .      417 

with  independent  spnngs  ) 

The  above  results  show  therefore  that  nothing  is  gained  by  the 
application  of  the  connecting  lever  in  equalising  the  loads  on  the 
connected  springs  that  cannot  be  also  obtained  without  the  lever  hj 
independent  springs.  This  is  a  point  of  some  im])ortance  to  be 
clearly  realised,  because  an  opinion  has  prevailed  that  the  use  of  the 
connecting  lever  gives  facilities  not  otherwise  to  be  obtained  for 
adjusting  the  distribution  of  the  weight. 

The  first  of  the  above  examples,  with  the  connecting  lever 
between  the  middle  and  hind  springs,  shows  also  the  effect  of  the 
equal-armed  lever  in  that  case  in  throwing  an  increased  weight 
upon  the  leading  spring :  for  while  the  middle  spring  is  relieved  to 
the  extent  of  3*27  tons  load,  only  1*52  tons  of  this  is  added  to  the 
compression  of  th^hind  spring,  and  the  difference,  1*75  tons,  is  all 
thrown  upon  the  leading  spring.     This  case  is  illustrated  by  the 
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diagmmB  in  Plate  29,  where  Fig.  17  shows  the  position  of  the  springs 
in  the  original  distribution  without  the  coxmectiiig  lever  A  being  in 
action ;  and  Fig.  18  represents  the  result  of  the  lever  coming  into 
acdon,  the  hind  spring  being  thereby  further  compressed,  the 
middle  spring  relieved,  and  an  additional  load  thrown  upon  the 
leading  spring. 

The  ufie  of  the  coxmecting  lever  has  however  an  independent 
advantage  in  passing  over  an  ineqnaUty  in  the  rails,  because*  the 
second  spring  connected  by  it  partly  shares  in  each  deflection 
of  the  first  spring,  and  the  play  of  the  first  spring  is  thereby 
diminished  to  that  extent ;  but  the  same  restdt  is  attained  with 
independent  springs,  by  employing  proportionately  longer  springs 
wherever  practicable.  It  has  to  be  noticed  moreover  that  with  the 
connecting  lever  the  objection  is  incurred  of  causing  the  breaking 
down  of  both  springs  in  the  event  of  the  fisdlnre  of  either  of  them. 
In  connecting  the  leading  with  the  middle  springs,  levers  with 
nneqnal  arms  have  sometimes  been  employed,  the  length  of  the 
arms  being  inversely  proportionate  to  the  loads  on  the  two  springs, 
BO  that  the  distribution  of  the  load  is  not  disturbed  by  inserting  the 
levers.  In  this  case  the  levers  have  the  same  action  as  before  of 
lessening  the  play  of  the  springs  in  running  over  any  ine<^nality  in 
the  rails ;  but  the  same  objection  of  causing  a  break  down  of  both 
springs  by  any  &ilnre  of  either  appHes  as  before,  though  with 
greater  force  in  the  case  of  the  leading  springs  on  which  the  safe 
nmning  of  the  engine  depends. 
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Mr.  BoBiNSON  exhibited  the  working  model  constracted  &r  the 
purpose  of  illofitratiiig  the  action  of  the  connecting  lever,  and 
showing  that  any  distribution  of  the  weight  obtained  with  tbo 
connecting  lever  was  effected  equally  well  with  independent  springs 
by  a  corresponding  adjustment  of  the  spring  links.  The  particakr 
case  of  a  six-wheeled  engine  with  the  four  hind  wheels  coupled, 
having  the  centre  of  gravity  in  front  of  the  middle  axle,  was 
illustrated  by  means  of  the  model,  and  it  was  shown  that  the 
insertion  of  a  connecting  lever  to  equalise  the  weights  on  the 
middle  and  hind  wheels  caused  an  actual  loss  of  driving  adhesion, 
by  throwing  an  increased  load  on  the  leading  wheels. 

The  Ghaibman  observed  that  it  appeared  the  only  ])oint  gained 
by  the  use  of  a  connecting,  lever  was  that  it  ensured  that  the 
distribution  of  the  load  between  the  connected  wheels  in  numing 
should  always  remain  in  the  proportion  originally  determined  upon 
by  the  length  of  the  arms  of  the  lever :  but  nothing  was  gained  as 
regarded  the  actual  distribution  of  the  load  on  the  several  wheels, 
which  could  not  be  accomplished  as  well  by  a  proper  adjustment  of 
independent  springs.  He  enquired  to  what  extent  the  friction  of 
the  connecting  lever  was  found  to  affect  the  correct  distribution  of 
the  load  upon  the  springs  between  which  it  was  placed. 

Mr.  Robinson  replied  that  where  the  connecting  lever  was 
constructed  to  turn  upon  a  round  centre  pin  fitting  into  a  hole  in 
the  lever,  the  friction  was  so  great  from  the  very  heavy  pressnre 
upon  the  small  sur&ce  of  the  pin  that  the  results  obtained  in  the 
model  could  not  be  realised  by  actually  weighing  the  engines,  and 
consequently  the  intended  distribution  of  the  weight  by  the  lever 
was  not  really  maintained  in  practice.  In  some  of  the  Great 
Western  engines  fitted  with  connecting  levers  this  friction  had  been 
reduced  by  using  knife-edge  bearings  for  the  levers,  instead  of  the 
round  centre  pins ;  but  still  the  friction  of  the  axleboxes  between 
the  guards  was  found  to  interfere  very  much  with  the  intended 
results  being  obtained. 

Mr.  C.  W.  Siemens  remarked  that  the  friction  would  no  donbt 
have  the  effect  of  preventing  the  due  action  of  the  connecting 
lever  while  the  engine  was  at  rest ;  but  he  thought  that  in  running 
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the  sliakiiig  prodnced  would  impart  to  the  lever  a  concnfisive  motion 
&voiiriiig  its  speedy  adjustment  to  the  varying  conditions  of  load 
which  it  was  intended  to  equalise. 

Mr.  F.  W.  Webb  observed  that  the  restdts  obtained  by  the  model 
were  corroborated  in  practice,  as  regarded  the  increase  of  weight 
thrown  upon  the  leading  wheels  where  a  connecting  lever  was 
placed  between  the  middle  and  trailing  wheels :  he  had  known 
several  cases  of  snch  engines  where  the  connecting  levers  had  been 
taken  off,  and  it  had  been  found  that  1|  tons  had  been  removed 
from  the  leading  wheels  by  the  change,  and  added  npon  the  driving 
wheels.  He  might  mention  that  some  fonr- wheeled  inside-cyHnder 
tank  engines  had  been  constructed  by  Mr.  Bamsbottom  for  shunting 
at  various  stations  on  the  London  and  North  Western  Railway, 
having  the  firebox  entirely  inside  the  cylindrical  barrel  of  the  boiler, 
so  that  the  hind  axle  could  be  carried  back  &r  enough  to  give  an 
exactly  equal  distribution  of  weight  on  the  front  and  hind  wheels^ 
The  firebox  was  cylindrical  and  made  of  Bessemer  steel,  and  the 
tubes  were  also  steel ;  and  the  steam  was  as  dry  as  firom  an  ordinary 
boiler  with  low  firebox.  These  engines  had  been  at  work  some 
time,  but  for  shunting  purposes  only,  not  being  able  to  make 
steam  &8t  enough  for  running. 

Mr.  CoLBUBN  said  that  connecting  levers  were  used  in  all 
American  locomotives,  not  so  much  in  reference  to  the  distribution 
of  the  weight  as  to  promote  the  ease  and  steadiness  of  the  engines 
in  running  over  rough  lines  :  and  there  was  no  doubt  that  whether 
on  rough  or  smooth  lines  the  engines  worked  better  with  them. 
The  American  engines  always  had  a  bogie  in  front,  according  to 
the  diagram  exhibited,  and  engines  of  that  construction  had  been 
brought  over  for  working  the  Birmingham  and  Gloucester  line 
many  years  ago.  In  some  early  American  engines  the  driving 
wheels  were  placed  behind  the  firebox ;  and  afterwards,  as  the 
engines  grew  heavier,  a  second  pair  of  driving  wheels  was  added  in 
front  of  the  firebox,  with  an  independent  spring  for  each  wheel. 
Several  engines  were  built  on  this  construction,  but  they  did  not 
seem  to  answer ;  and  some  of  these  were  altered  by  Mr.  Harrison, 
the  inventor  of  the  cast  iron  boiler  that  had  been  described,  by 
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pntting  in  a  connecting  lever,  which  was  phiced  ahove  the  wheels, 
the  ends  bearing  upon  the  axleboxes,  with  an  inyerted  spnng 
between  the  wheels,  attached  by  links  to  the  lever :  he  built  a  large 
number  of  locomotives  on  that  plan  in  St.  Petersbnrg  for  the  St. 
Petersburg  and  Moscow  Bailway. 

There  was  a  large  amount  of  weight  below  the  springs  in 
American  locomotives,  as  they  were  made  with  cast  iron  driving 
wheels,  which  were  very  heavy,  and  the  tyres  were  found  to  stretch 
in  consequence  unless  they  were  put  on  very  thick.  In  an  engine 
of  28  tons  weight  there  was  about  6  tons  below  the  springs,  in  the 
four  driving  wheels  with  their  axles  and  axlebozes ;  and  with  the 
addition  of  the  bogie  there  was  thus  about  one  third  of  the  whole 
weight  of  the  engine  that  was  not  relieved  by  springs  at  all.  The 
wheels  were  now  made  with  wood  blocks  under  the  tyres,  cut  crass 
grain  of  the  wood,  as  a  bed  for  the  tyres  upon  the  wheels,  in  order 
to  reduce  the  injurious  effect  of  their  great  weight  and  rigidity  in 
passing  over  any  inequalities  in  the  road.  The  wheel  base  of  the 
bogie  was  generally  about  the  same  as  the  gauge  of  the  line,  from 
5  fl.  3  ins.  to  5  fl.  6  ins. ;  and  the  wheels  themselves  were  usnaDy 
2  ft.  9  ins.  diameter,  the  same  as  those  on  the  bogies  of  the 
carriages ;  sometimes  they  were  as  small  as  2  ft.  2  ins.  diameter. 
The  usual  distribution  of  the  weight  was  about  3-5ths  on  the 
driving  wheels,  and  2-5ths  on  the  bogie,  or  sometimes  2-3rds  on  the 
driving  wheels,  and  l-3rd  on  the  bogie :  the  position  of  the  pirot 
of  the  bogie,  being  so  &r  forward,  allowed  of  keeping  the  driring 
wheels  ftirther  back,  whereby  a  shorter  coupling  rod  and  longer 
connecting  rod  could  be  used. 

The  practical  effect  of  the  connecting  levers  in  running  was  to 
ease  the  motion  of  the  engine,  which  was  much  needed  on  the  bad 
roads  of  the  American  railways.  He  had  himself  experienced  their 
beneficial  action  in  travelling  on  the  engine  from  Augusta  to 
Atlanta,  171  miles,  over  a  very  rough  road,  and  all  the  time  of 
running  the  connecting  levers  were  in  a  complete  dance  with 
continued  oscillations,  but  the  engine  ran  very  smoothly  and 
steadily.  The  engines  had  to  be  hung  with  greater  provisioB  for 
elasticity  for  running  over  those  rough  roads,  and  skeleton  springs 
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with  open  plates  were  generally  nsed,  the  spring  hangers  being 
also  supported  on  indiarmbber  washers.  In  some  instances  the 
conneoting  lever  itself  was  a  spring,  which  made  the  footplate  of 
the  engine  very  easy  in  running. 

Mr.  W.  M.  Neilson  considered  the  connecting  levers  were 
wiihoat  doubt  a  valuable  adjunct  to  an  engine  for  miming  on  bad 
roads ;  but  as  fiur  as  the  distributioli  of  the  weight  was  concerned 
ihey  certainly  had  no  advantage  over  independent  springs,  and  in 
the  case  that  had  been  pointed  out  in  the  paper  they  had  the 
disadvantage  of  throwing  an  increased  load  upon  the  leading  wheels 
while  diTOJuiflhing  at  the  same  time  the  driving  adhesion.  He  could 
faSfy  confirm  what  had  been  stated  as  to  the  effects  of  the  connecting 
lever  in  the  American  engines,  having  travelled  over  many  of  the 
American  railways  on  the  ordinary  four-wheel-coupled  bogie-engines 
fitted  with  the  levers,  and  at  a  good  speed  of  running  there  was  not 
any  objectionable  unsteadiness  in  the  engine,  notwithstanding  the 
rough  state  of  the  roads :  but  he  should  not  have  thought  it  safe  to 
ran  at  the  same  speed  with  an  ordinary  English  locomotive  over  the 
same  description  of  road.  Even  on  the  English  lines  he  thought 
the  connecting  levers  would  give  an  advantage  in  smoothness  of 
running,  as  the  road  could  not  be  maintained  always  in  the  very 
best  condition,  and  was  by  no  means  perfect  at  its  best.  The 
action  of  the  levers  was  beneficial  both  to  the  permanent  way  and 
to  the  engine  itself,  by  reducing  the  effect  of  shocks  arising  from 
inequalities  of  the  road ;  and  in  the  same  manner  they  conduced  to 
the  safety  of  the  engine  in  running,  rendering  it  less  easy  for  the 
wheels  to  leave  the  rails.  With  independent  springs  the  effect  of 
running  over  an  obstacle  or  elevation  in  the  rails  was  to  li£b  the 
engine  in  proportion  to  the  rigidity  of  the  springs ;  but  if  the  same 
springs  were  connected  by  a  lever,  each  would  be  deflected  only  half 
the  amount,  and  the  engine  would  be  lifted  only  half  as  much  as 
before. 

Mr.  BoBiNSON  observed  that  the  effect  of  the  connecting  lever 
when  the  engine  ran  over  an  obstacle  was  to  cause  the  two 
connected  springs  to  be  both  deflected  simultaneously,  so  that  the 
engine  woidd  be  Uiled  a  smaller  amount  by  the  shock  than  if  one 
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fipring  only  had  been  acting  at  a  time.  The  leyer  had  tibiifl  tiie 
effect  of  viitnall J  doubling  the  length  of  each  spring ;  and  aUihoii^ 
the  same  resnlt  of  a  small  lift  might  be  obtained  without  the  krer 
if  springs  of  double  the  length  were  used,  yet  the  length  of  spnng 
was  practically  limited  in  an  engine  by  the  confined  space,  so  that 
the  springs  were  often  not  more  than  2  ft.  6  ins.  long,  and  in  such 
cases  the  comlecting  lever  had  the  adyantage  of  practically 
lengthening  the  short  springs. 

Mr.  E.  Betnolds  did  not  think  that  any  lengthening  of  the 
springs  would  give  the  same  ease  of  motion  that  was  obtained  hy  a 
connecting  lever.  In  the  Bloomer  engines  of  the  London  and  Norih 
Western  Bailway  having  connecting  levers  between  the  leading 
and  middle  springs,  the  leading  wheels  were  heavily  loaded  iriih 
about  11|  tons  upon  them ;  and  the  extreme  amount  of  inequa% 
likely  to  be  met  with  in  the  rails  on  English  lines  might  be  taken  at 
I  inch,  which  corresponded  to  an  additional  load  or  compression  of 
4>  or  5  tons  upon  the  springs,  as  they  were  very  short  and  rigid. 
Hence  a  rise  of  \  inch  in  the  rails  would  cause  4  or  5  tons  greater 
pressure  upon  the  rails  for  the  moment  at  that  point ;  but  by  the 
connecting  levers  the  leading  and  middle  springs  would  share  the 
additional  weight  between  them  under  all  circumstances,  and  so 
relieve  both  the  rails  and  the  engine  from  a  great  part  of  the  shock 
that  would  otherwise  be  felt,  the  engine  being  lifted  only  by  the 
amount  of  rise  at  the  centre  of  the  lever. 

Mr.  GoLBUBN  remarked  that  connecting  levers  were  used  upon 
all  the  bogies  in  America  both  for  engines  and  carriages ;  and  the 
bogie  itself  having  also  the  effect  of  reducing  any  disturbance  by 
one  hali^  the  result  of  an  inequality  of  |  inch  in  the  rails  wonld  be 
to  lift  the  centre  of  gravity  of  the  engine  or  carriage  only  l-8th  inch. 
In  the  long  carriages  the  distance  from  centre  to  centre  of  the 
bogies  was  82  feet,  and  the  carriages  were  also  much  lower  than  on 
English  railways ;  the  result  was  that  they  ran  with  greater 
steadiness,  though  the  speed  was  certainly  not  so  great  as  in  the 
fast  trains  in  this  country. 

The  Chairman  remarked  that  upon  the  American  railways, 
which  were  comparatively  speaking  imperfectly  constructed  and 
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laid  down  more  "with  the  object  of  coyering  a  great  extent  of 
oountiy  than  with  a  view  to  permanent  dnrabiHty  of  the  works, 
the  necesaily  for  the  nse  of  connectmg  lerers  mnst  have  been  mnoh 
more  strongly  felt  than  in  England ;  and  hence  the  general  adoption 
of  the  bogie,  which  waa  itself  a  connecting  leyer,  both  for  engines 
and  carriages.  He  had  many  engines  ronning  with  connecting 
lerers  on  the  London  and  North  Western  Railway,  bat  had  not 
found  that  they  ran  more  steadily  on  that  line  apparently  than 
engmes  without  the  leyers ;  though  there  oonld  be  no  question  that 
the  introdnction  of  the  levers  wonld  reduce  the  disturbance  of  the 
engine  to  a  certain  extent  where  the  road  was  not  in  first-rate 
condition.  Any  such  arrangement  was  however  in  his  opinion  as 
mnch  worse  for  the  road  as  it  was  better  for  the  engine. 

He  proposed  a  vote  of  thanks  to  Mr.  Robinson  for  his  paper, 
which  was  passed. 


The  Meeting  then  terminated. 
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PROCEEDINGS. 


2  AND  3  August,  1864. 


The  Annual  Provincial  Meeting  of  the  Members  was  held  in 
the  Institntion  Booms,  St.  Gteorge's  Place,  Glasgow,  on  Tuesday, 
2nd  August,  1864;  Robert  Napier,  Esq.,  President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  President  announced  that  the  Ballot  Lasts  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected : — 


members. 

James  George  Beckton, 

James  Campbell, 

Thomas  Edward  Dunn, 

Antonin  Etiennb,  . 

WiLLLiM  Edward  Everiit, 

Thomas  Fleet, 

John  Frankish, 

William  Isaac  Hetherington, 

Sampson  Zachary  Lloyd,   . 

WiLLUM  Martlet, 

Robert  Ramage, 

Duncan  Shaw, 

Thomas  Spittlb, 

James  Swindell  Eysrs  Swindell, 

Thomas  Thomas, 


Whitby. 

Matlock. 

Allahabad,  India. 

Seville,  Spain. 

Birmingham. 

Westbromwich, 

Manchester. 

Manchester. 

Wednesbury. 

London. 

DubUn. 

Cordova,  Spain. 

Newport,  Mon. 

Brierloy  Hill. 

Pontypool. 
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HONORABT  MEMBERS. 

Charles  T.  Parsons,  Birmingham^ 

Abel  Peyton,         .  Birmingham. 


The  following  paper,  by  Mr.  James  M.  Gale  of  Glasgow, 
Biosident  Engineer  of  the  Water  Works,  communicated  through 
Mr.  Walter  M.  Neilson  of  Glasgow,  was  then  read : — 
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ON  THE  MECHAOTCAL  APPLIANCES 

OF   THE  LOCH  KATRINE  WATER  WORKS 

FOR  THE  SUPPLY  OF  GLASGOW. 


By  Ms.  JAMES  M.  OALE,  of  Glasgow. 


Previous  to  1860  tliat  part  of  Glasgow  lying  on  the  north  bank 
of  the  liver  Clyde,  or  abont  three  fourths  of  the  whole  city,  was 
supplied  with  water  drawn  from  the  river  at  two  pnmping  stations 
2 J  and  3|  miles  above  Glasgow  Bridge  respectively.  The  remaining 
part  of  the  city,  that  on  the  sonth  side  of  the  river,  was  supplied, 
and  in  greater  part  is  still  supplied,  by  the  Gorbals  gravitation 
works,  established  in  1847  on  a  small  stream  about  7  miles  south  of 
the  city.  The  impure  quality  of  the  water  drawn  from  the  river 
had  induced  the  corporation  of  Glasgow  to  purchase  the  whole  of 
the  works  from  the  two  existing  water  companies,  and  to  promote 
a  scheme  for  supplying  the  city  from  Loch  Katrine,  the  well  known 
Loch  in  the  Perthshire  Highlands.  The  works  were  commenced  in 
1856,  were  opened  by  Her  Majesty  on  the  14th  October  1859,  and 
were  completed  and  the  water  introduced  to  the  greater  part  of 
Glasgow  early  in  1860.  The  whole  works  were  executed  from  the 
designs  and  under  the  superintendence  of  Mr.  J.  F.  Bateman. 

Fig.  1,  Plate  30,  is  a  general  plan  showing  the  drainage  area  of 
Loch  Katrine  and  the  adjacent  Loch  Vennachar,  together  with  the 
two  smaller  Lochs,  Achray  and  Drunkie,  and  the  inlet  at  A  from 
lioch  Katrine  to  the  line  of  aqueduct. 

Fig.  2,  Plate  31,  is  a  general  plan  showing  the  entire  line  of 
aqueduct  for  conveying  the  water  from  Loch  Katrine  to  Glasgow. 

Fig.  3,  Plate  32,  is  a  longitudinal  section  along  the  entire  course 
of  the  works  from  Loch  Katrine  to  Glasgow,  showing  the  situation 
of  the  principal  tunnels,  aqueduct  bridges,  and  syphon  pipes 
throughout  the  course  of  the  aqueduct. 
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The  drainage  area  to  the  Loch  Katrine  Water  Works  amoimts 
to  45,800  acres,  or  about  72  square  miles,  as  shown  in  the  plan. 
Fig.  1,  Plate  30;  and  includes  Loch  Katrine,  Loch  Achraj,  Loch 
Yennachar,  and  Loch  Drunkie.  Loch  Achraj  has  not  been 
appropriated  for  the  use  of  the  water  works,  but  works  have  been 
constructed  at  the  outlets  of  the  three  other  lochs  whereby  a  large 
amount  of  storage  has  been  obtained  at  comparatively  little  cost 
A  masoniy  dam  with  four  sluices  and  a  waste  w«r  100  feefc  long 
have  been  erected  at  the  outlet  of  Loch  Katrine  at  the  point  marked 
B  in  the  plan.  Fig.  1.  The  level  of  the  water  is  thus  raised  4  feet 
KboVe  its  fcHTuer  summer  level,  and  the  sluices  also  admit  of  the 
water  being  drawn  down  8  feet  below  the  former  summer  level ;  thus 
giving  a  control  over  the  contents  of  the  loch  to  the  extent  of  7  feet 
in  depth,  and  a  storage  capacity  amounting  to  910  million  cubic  fee6. 
.The  portions  shown  black  around  the  margin  of  the  loch  in  Fig.  1 
indicate  the  additional  area  of  water  obtained  by  the'raising  of  the 
loch,  as  also  in  the  case  of  Loch  Yennachar  and  Loch  Drunkie.  The 
drainage  area  to  Loch  Katrine  alone  is  22,800  acres,  and  the  area  of 
the  loch  itself  at  its  summer  level  3000  acres,  or  about  one  seventh 
cf  the  whole  drainage  area.  The  district  is  very  rugged  and 
mountainous,  as  seen  from  the  plan.  Fig.  1,  and  the  longitudioal 
section.  Fig.  3 ;  and  in  some  places,  especially  near  the  pass  of  the 
Trosachs,  very  picturesque.  The  level  of  the  water  in  Loch  Katrine 
is  362  feet  above  the  level  of  the  sea ;  and  the  lip  of  the  basin  which 
surrounds  it,  except  near  the  point  A,  Fig.  1,  where  the  water  is 
drawn  off  into  the  aqueduct,  has  a  minimum  elevation  of  1000  feet 
above  the  sea,  and  at  one  place,  Ben  Yenue,  rises  to  2388  feet.  The 
rocks  of  the  district  are  mica  schist,  one  of  the  primary  deposits, 
and  are  precipitous,  very  hard,  nearly  insoluble,  and  yielding  water 
of  great  purity.  The  water  drawn  from  the  loch  contains  only 
Ikbout  2^  grains  of  soluble  matter  per  gallon  and  has  a  hardness 
of  0"8**  on  Dr.  Clark's  scale ;  in  which  a  hardness  of  1°  is  that  due 
to  one  grain  of  chalk  dissolved  in  one  gallon  of  distilled  water,  the 
hardness  being  the  property  of  destroying  soap.  The  district 
contains  very  little  land  that  can  be  cultivated,  and  the  covering  of 
soil  or  peat  on  the  top  of  the  rock  is  not  deep  enough  to  affect  the 
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eolonr  of  the  water  in  tlie  loch,  even  daring  higli  floods.  Also  there 
need  be  no  apprehension  of  the  qnality  of  the  water  ever  becoming 
injured  by  agricnltnral  operations,  or  by  drainage  from  populons 
districts :  at  present  there  are  only  ten  houses  on  the  36  square  miles 
of  conntiy  which  drains  into  the  loch.  The  &11  of  rain  in  the  district 
is  very  great :  in  the  valley  of  the  Dnchray  on  the  eastern  side  of 
Ben-Lomondy  Fig.  1,  and  in  Glen  Gyle  at  the  head  of  Loch  Katrine, 
there  is  in  some  years  a  fall  of  100  inches ;  while  in  the  more  open 
country  lower  down  the  valley  the  fall  is  about  six  tenths  of  that 
higher  up.  The  table  appended  shows  the  amount  of  rain&ll  at 
several  points,  since  rain  gauges  were  established  in  the  district. 

The  works  at  the  lochs  have  been  arranged  on  a  scale 
Bilfficient  to  ensure  a  supply  to  Glasgow  during  the  driest  season 
of  60  million  gallons  a  day,  and  to  provide  compensation  water  to 
the  river  Teith  in  addition.  The  supply  for  the  city  is  drawn 
exclusively  from  Loch  Elatrine,  and  the  compensation  water 
principally  from  Loch  Vennachar  and  Loch  Drunkie.  The 
compensation  water  was  fixed  by  agreement  with  the  proprietors 
and  others  having  an  interest  in  the  rivers  Teith  and  Forth  at 
40,600,000  gallons  per  day,  or  an  average  of  4600  cubic  feet  per 
minute,  to  be  given  out  from  Loch  Vennachar  at  the  rate  of  6000 
cubic  feet  per  minute  from  1  o'clock  a.m.  to  1  o'clock  p.m.,  and 
3000  cubic  feet  per  minute  from  1  p.m.  to  1  a.m.  of  each  day  in  the 


This  additional  quantity  of  water  has  been  obtained  by 
constructing  a  masonry  dam  at  the  outlet  of  Loch  Vennachar, 
at  the  point  C  in  the  plan,  Fig.  1,  Plate  30,  mth  a  waste  weir 
160  feet  long.  This  is  shown  in  Figs.  4  to  6,  Plates  33  and  34. 
The  dam  is  110  feet  long,  Fig.  4,  Plate  33,  and  is  furnished  with 
eleven  cast  iron  sluices  to  regulate  the  flow  of  the  water,  the  top  of 
the  dam  being  carried  up  and  roofed  in  to  form  a  protection  for  the 
working  gearing  of  the  sluices.  The  loch  has  been  raised  by  tho 
dam  5  feet  9  inches  above  its  former  summer  level,  and  it  can  be 
drawn  down  by  the  sluices  6  feet  below  the  summer  level.  A  new 
channel  was  cut  for  the  river,  as  shown  at  C  in  the  plan.  Fig.  1,' 
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700  yards  long  and  60  feet  wide,  in  order  to  allow  of  the  water  in 
the  loch  being  drawn  down  to  this  Airther  depth.  The  compensation 
gauge  weir,  placed  at  the  lower  end  of  the  new  river  channel, 
consists  of  a  continuous  cast  iron  plate  100  feet  long,  brought  to  a 
thin  edge  at  top,  over  which  the  water  flows  with  a  depth  of  3^  to 
b^;  inches  when  the  statutory  quantity  only  is  being  dischaiged. 
The  area  of  Loch  Yennachar  at  its  former  summer  level  waa*86o 
acres,  and  at  the  level  to  which  it  has  been  raised  it  is  about  1000 
acres,  as  shown  by  the  black  portions  round  the  margin  of  the  loch 
in  the  plan,  Fig.  1.  The  storage  capacity  included  in  the  range  oi 
level  of  11  feet  9  inches  depth  afforded  by  the  works  is  425  million 
cubic  feet. 

The  works  at  Loch  Drunkie,  Fig.  1,  Plate  30,  consist  of  two 
earthen  embankments  with  puddle  in  the  centre  of  each,  protected  by 
stone  facing  on  the  inner  slopes  in  the  usual  manner.  The  northern 
embankment  is  150  yards  long,  and  the  other,  which  is  at  the 
original  outlet  of  the  loch,  is  40  yards  long.  The  level  of  the  loch 
has  been  raised  25  feet,  and  the  area  increased  from  78  to  187  acres, 
as  shown  by  the  black  portions  surrounding  the  loch  in  Fig.  1,  thns 
affording  storage  to  the  extent  of  120  million  cubic  feet.  The  water 
is  discharged  from  the  loch  by  a  cast  iron  pipe,  24  inches  diameter, 
laid  through  the  deepest  embankment. 

The  total  amount  of  storage  provided  by  the  works  at  the  three 
lochs  is  therefore  1455  million  cubic  feet,  equal  to  a  supply  for 
100  days  of  50  million  gallons  per  day  for  the  city  and  40 j  million 
gallons  per  day  for  compensation  water  to  the  river  Teith,  without 
taking  into  account  the  natural  flow  of  the  streams  running  into  the 
lochs.  At  the  present  rate  of  consumption  of  water  in  the  city,  this 
storage  is  equal  to  152  days'  supply,  including  the  compensation 
water. 

As  the  Teith  is  a  good  salmon  river,  it  was  necessary  to  provide 
for  the  passage  of  the  fish  at  the  masonry  dams  at  the  outlets  of 
Loch  Yennachar  and  Loch  Katrine.  This  has  been  done  at  Loch 
Yennachar  by  forming  four  salmon  stairs  at  different  levels  to  eiut 
the  varying  level  of  the  loch,  of  a  width  of  6  feet  between  the  side 
walls.      These  are  shown  at  D  D  in   Fig.  4,  Plate   83;   and  a 
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longitudinal  section  of  the  highest  one  is  shown  in  Fig.  5,  Plate  34. 
The  stairs  have  a  general  inclination  of  1  in  12,  and  terminate  at 
the  npper  end  next  the  loch  with  cast  iron  slnices,  which  open  by 
being  moved  downwards,  thns  allowing  the  water  to  fall  over  as  over 
a  weir.  The  detail  of  one  of  these  salmon  slnices  is  shown  in 
Figs.  7  to  9,  Plate  35.  The  sloping  channels  are  formed  into  a 
saccession  of  deep  pools  by  planks  npon  edge  placed  across  the 
channel,  as  shown  at  E  E  in  Fig.  5,  Plate  34,  over  which  the  water 
falls  a  depth  of  fix)m  15  to  20  inches  to  the  lower  level.  At  Loch 
Katrine  there  are  only  two  of  these  salmon  stairs,  bnt  otherwise  the 
arrangements  are  similar. 

The  point  of  inlet  A,  Fig.  1,  Plate  30,  where  the  water  is  drawn 
from  Loch  Katrine  into  the  aqnednct  for  the  snpply  of  the  city, 
is  abont  5  miles  from  the  bottom  of  the  loch  and  2|  miles  from 
the  top.  The  water  is  first  admitted  from  the  loch  into  a  basin 
55  feet  long  by  40  feet  wide  inside,  through  three  cast  iron  slnices, 
each  4  feet  sqnare.  Across  the  middle  of  the  basin  is  fixed  a  line  of 
strainers,  to  keep  fish  &c.  from  passing  from  the  loch  into  the 
aqueduct.  The  outlet  sluices  at  B  and  C,  Fig.  1,  for  discharging 
the  water  from  the  outlets  of  Loch  Katrine  and  Loch  Yennachar, 
as  well  as  the  inlet  sluices  from  Loch  Katrine  to  the  aqueduct,  are 
of  similar  construction.  One  of  the  inlet  sluices  is  shown  in  Figs. 
10  to  12,  Plates  36  and  37.  The  cast  iron  sluice  plate  F  is  faced 
with  brass,  and  works  against  brass  &ces  on  the  cast  iron  frame  G, 
which  is  securely  let  into  the  masonry  and  is  fttrnished  with 
goides  to  keep  the  sluice  F  in  its  place.  The  sluice  is  raised  and 
lowered  by  means  of  the  iron  screw  H  working  in  a  brass  nut,  the 
screw  being  turned  by  a  crank  and  bevil  wheels  at  top. 

The  length  of  the  aqueduct  from  Loch  Katrine  to  the  service 
reservoir  at  Mugdock  near  Milngavie,  as  shown  on  the  general  plan. 
Fig.  2,  Plate  31,  is  25f  miles,  and  from  this  reservoir  to  Glasgow  is 
about  8  miles  more ;  making  a  total  length  from  Loch  Katrine  to 
Glasgow  of  about  34  miles.  The  built  and  tunnelled  part  of  the 
aqueduct  is  22  miles  long ;  it  is  8  feet^high  by  8  feet  broad,  as  shown 
in  the  sections,   Figs.  13  to  15,  Plate  37,  and  has  a  uniform 
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inclination  towards  Glasgow  of  10  inches  per  mile  or  1  in  6336,  as 
shown  in  the  longitndinal  section,  Fig.  3,  Plate  32  ;  and  it  is  all 
capable  of  passing  50  million  gallons  per  day.  The  valleys  of  the 
Duchray,  the  Endrick,  and  the  Blane,  Fig.  3,  which  are  crossed  by 
the  line  of  aqueduct  and  prevent  a  uniform  inclination  bdiig 
obtained  throughout,  make  up  an  aggregate  length  of  3|  miles,  i^d 
are  passed  by  cast  iron  syphon  pipes  48  inches  diameter  with  a 
mean  fall  of  1  in  1000  between  their  extremities.  These  pipes 
deliver  a  little  over  20  million  gallons  per  day ;  and  at  all  tlie 
bridges  and  other  places  where  masonry  was  required,  proviflion 
has  been  made  for  laying  two  additional  lines  of  pipes  when  tbe 
increased  consumption  of  water  in  the  city  may  require  this  to  be 
done. 

The  first  work  on  the  line  of  aqueduct  upon  leaving  Loch  Katiine 
is  a  tunnel  through  the  ridge  which  separates  the  valley -of  Loch 
Katrine  from  that  of  Loch  Ard,  Fig.  3,  Plate  32.  The  point  where 
the  valleys  approach  nearest  to  each  other  was  chosen,  but  even 
there  the  length  of  tunnel  required  is  upwards  of  IJ  mile,  and 
it  is  at  a  depth  of  more  than  500  feet  below  the  top  of  the  hifl. 
Twelve  shafts  were  sunk -on  the  line  of  tunnel  to  fitcilitate  the  work, 
five  of  them  being  about  450  feet  deep.  The  rock  passed  through 
in  this  tunnel,  and  in  the  greater  part  of  the  first  10  miles  of  the 
aqueduct,  which  is  principally  a  series  of  tunnels^  is  mica  slate  of  the 
hardest  description.  Along  the  margin  of  Loch  Chon  the  work  at 
some  of  the  faces  did  not  progress  at  a  greater  rate  than  3  lineal 
yards  in  a  month,  although  it  was  carried  on  night  and  day.  The 
cost  of  the  gunpowder  alone  used  in  the  contract,  which  extended 
7|  miles  from  the  loch,  was  £10,540 ;  and  the  average  cost  of  the 
aqueduct  for  the  same  length  was  more  than  £13  per  yard  or 
£23,000  per  mile.  Figs.  13,  14,  and  15,  Plate  37,  show  sections  of 
the  aqueduct  at  different  parts. 

The  three  main  valleys  on  the  line  of  aqueduct  are  passed  by  cast 
iron  syphon  pipes,  as  already  mentioned ;  but  the  minor  ravines  in 
the  first  10  miles  of  the  aqueduct  are  crossed  by  aqueduct  bridges  of 
iron.      Besides  a  number  of  smaller  ones  there  8*6  five  extensive 
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aqueduct  bridges  of  this  kind,  one  of  whicli,  near  Onlegarton,  Plates 
31  and  32,  is  shown  in  Mgs.  16,  18,  and  19,  Plates  38  and  39.  It 
consists  of  a  wronght  iron  tube  I,  8  feet  broad  and  6|  feet  high 
inside,  extending  over  the  deeper  part  of  the  ravines,  supported  at 
intervals  of  50  feet  by  stone  piers;  and  a  cast  iron  trough  J,  also  8  feet 
broad  and  6^  feet  high,  supported  on  a  dry  stone  rubble  embankment 
at  either  end  of  the  wrought  iron  tube  I,  extending  over  the 
remaining  part  of  the  valleys  where  the  ground  is  not  so  much 
depressed.  The  bottom  and  sides  of  the  wrought  iron  tube  I  are 
3-8ths  i^ch  thick;  and  the  top  7-16ths  inch  thick,  the  whole  being 
strengthened  by  angle  and  T  iron.  The  plates  of  the  cast  iron 
trough  are  5-8ths  inch  thick,  the  dimensions  of  the  largest  being 
4|  feet  by  4  feet,  and  they  are  connected  and  strengthened  by  flanges 
with  mst  joints.  The  level  of  the  wrought  iron  tube  I  is  about 
3  feet  lower  than  that  of  the  cast  iron  troughs  J  J  at  each  end,  so  as 
to  ensure  the  tube  being  always  completely  filled  with  water  up  to 
the  top,  in  order  that  the  top  of  the  tube  may  be  kept  always 
at  the  same  temperature  as  the  sides,  and  the  tube  may  not  be 
racked  by  the  strain  that  would  arise  from  the  top  plates  becoming 
heated  by  the  sun  if  the  water  were  not  in.  contact  with  them.  In 
order  to  allow  of  emptying  the  tube  at  any  time,  for  painting  or 
other  purposes,  a  discharge  valve  K,  Mgs.  18,  21,  and  22,  is  provided 
at  one  end  of  the  tube,  by  which  the  water  can  be  run  off  into  the 
vaUey  beneath. 

The  junction  between  the  wrought  iron  tube  and  the  cast  iron 
trough  is  shown  in  Figs.  21  and  22,  Plates  40  and  41,  and  in  detail 
enlarged  in  Figs.  23  and  24,  Plate  42.  It  is  made  by  bolting  the 
cast  iron  trough  to  a  cast  iron  bed-plate  L,  Figs.  21  and  23,  and 
to  upright  cast  iron  standards  M  M,  Figs.  22  and  24,  at  each  side. 
The  wrought  iron  tube  rests  upon  a  bolster  of  vulcanised  india- 
mbber  placed  in  a  groove  in  the  bed-plate  L,  Figs.  21  and  23, 
and  projecting  sufficiently  above  the  surface  of  the  plate  to  allow 
for  the  requisite  compression  on  the  india-rubber  for  making  a 
water-tight  joint  by  the  weight  of  the  tube  bearing  on  it,  without 
allowing  the  tube  to  come  down  to  a  bearing  upon  the  bed- 
plate L  itself.     A  similar  india-rubber  bolster  is  carried  up  each 
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Bide  of  the  tabe  and  compressed  against  it  by  oak  wedges,  the 
bolster  and  wedges  being  contained  in  a  recess  in  the  upright 
standards  M  M,  as  sho¥m  in  Figs.  22  and  24.  This  arraDgement 
leaves  the  wrought  iron  tube  free  to  contract  and  expand 
longitndinallj  under  change  of  temperature,  without  risk  of  leakage. 
The  heads  of  all  the  rivets  are  countersunk  for  a  short  distance  on 
each  side  of  the  bearing  parts  of  the  tube.  The  india-mhber 
bolsters  are  2  inches  diameter  both  at  the  bottom  and  sides  of  the 
tube.  They  are  in  separate  pieces,  the  bolster  under  the  bottom 
extending  from  the  back  of  the  wedge  box  M  on  one  side  to  the 
back  of  the  wedge  box  on  the  opposite  side.  The  joints  of  the 
bolsters  at  the  bottom  comers  are  made  by  butting  tbe  bottom  ends 
of  the  vertical  bolsters  upon  the  top  of  the  transverse  bottom 
bolster,  the  bottom  ends  of  the  vertical  bolsters  being  slightly 
rounded  out  to  fit  the  curvature  of  the  bottom  bolster.  The  side 
wedges  are  driven  down  tight  on  the  ends  of  the  bottom  holster. 
There  are  three  oak  wedges  in  each  wedge  box  M,  Fig.  24,  Plate 
42,  with  an  oak  feather  or  tongue  let  in  to  break  the  joints  between 
the  wedges  and  to  guide  the  centre  wedge  while  being  driven  down. 
A  flat  strip  of  india-rubber  is  placed  between  the  back  of  the 
wedge  box  and  the  outermost  wedge,  as  shown  in  Fig.  24.  The 
wedges  were  carefully  fitted  before  the  feather  grooves  were  made, 
and  were  put  in  with,  thick  wet  paint  in  the  joints ;  the  centre 
wedge  was  then  driven  down  to  tighten  up  the  india-rubber  bolster 
against  the  side  of  the  tube.  The  spaces  on  either  side  of  the 
wedges  in  the  standards  M  are  filled  in  with  oakum  and  white  lead. 
The  above  construction  of  the  iron  aqueduct  bridges  was 
considered  the  most  applicable  in  the  first  portion  of  the  aqueduct,  as 
no  good  building  stone  was  to  be  obtained  within  any  reasonable 
distance,  and  the  roads  were  very  badly  suited  for  the  oarriage  of 
materials.  From  the  eleventh  mile  to  the  reservoir  at  Mugdoek, 
however,  good  building  stone  was  abundant ;  and  all  the  aquednot 
bridges  in  that  district  are  therefore  of  stone.  One  of  these,  the 
Blairgar  aqueduct  bridge,  is  shown  in  Figs.  27  and  28,  Plate  43,  in 
elevation,  longitudinal  section,  and  plan;  and  Figs.  29  and  SO, 
Plate  44,  are  transverse  sections.     There  are  in  all  25  important 
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iron  and  stone  bridges,  some  of  them  of  considerable  magnitude ; 
and  about  80  distinct  tnnnels  varying  in  length  from  1^  mile 
downwards,  and  forming  a  total  length  of  13  miles.  Where  the 
aqueduct  was  formed  in  open  cutting,  the  ground  was  filled  in  and 
the  surface  restored  after  the  aqueduct  was  buUt,  as  shown  in  Fig. 
15,  Plate  37.  At  the  cast  iron  troughs  of  the  iron  aqueduct  bridges, 
and  at  the  other  bridges,  the  water  way  is  coyered  with  planking,  as 
shown  in  the  sections  of  the  Blairgar  aqueduct  bridge,  Plates  43 
and  44,  to  prevent  snow  from  choking  the  aqueduct.  Grooves  to 
receiye  stop  planks  are  cut  in  the  masonry  of  the  aqueduct  at 
intervals,  and  most  of  the  bridges  are  provided  with  overflows 
and  discharge  sluices.  The  latter  are  similar  in  construction  to  the 
outlet  sluices  at  the  lochs,  but  of  smaller  dimensions. 

The  three  valleys  of  the  Duchray,  the  Endrick,  and  the  Blane, 
Fig.  3,  Plate  32,  which  are  of  great  width  and  depth,  the  second 
beiDg  more  than  2  miles  wide,  are  passed  by  means  of  the  48  inch 
cast  iron  syphon  pipes,  carried  down  one  side  of  the  valley  to  the 
bottom,  and  up  the  opposite  side.  These  pipes  have  the  ordinary 
spigot  and  socket  joints,  a  section  of  which  is  shown  in  Fig.  25, 
Plate  42,  one  quarter  foUl  size,  the  joint  being  made  with  lead  N  and 
yam  O.  Some  depressions  on  the  line  of  these  syphon  pipes  are 
crossed  by  flanged  pipes  supported  upon  stone  piers  18  feet  apart, 
as  shown  in  Fig.  17,  Plate  38,  the  joint  being  made  by  a  ring  of 
vulcanised  india-rubber  P,  as  shown  by  the  section.  Fig.  26,  Plate  42, 
one  quarter  full  size.  In  the  Endrick  valley  two  pubUc  roads  and  the 
Forth  and  Clyde  Bailway  are  crossed  by  these  flanged  pipes ;  and 
to  support  the  pipes  over  these  greater  spans,  cast  iron  brackets  are 
put  in.  Fig.  17,  Plate  38,  abutting  on  the  stone  piers,  which  are 
thickened  to  receive  them.  The  pipes  are  further  strengthened  at 
these  places  by  projecting  webs  cast  on  them,  as  shown  by  the 
enlarged  transverse  section  of  the  pipe,  Fig.  20,  Plate  39.  It  was 
found  that  the  contraction  and  expansion  of  these  long  lengths  of 
flange-jointed  pipes  under  changes  of  temperature  injuriously  aflected 
the  spigot  and  socket  lead  joints  at  each  end ;  and  to  obviate  this,  a 
felt  covering  about  f  inch  thick  has  been  laid  on  all  round  the  pipes, 
and  protected  frt)m  the  weather  by  a  tarpaulin  cover  laced  tightly 
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over  the  whole.    This  has  had  the  effect  of  aknost  entirely  obviating 
the  inconvenience  that  arose  from  contraction  and  expansion. 

The  service  reservoir  at  Mngdock,  Plates  31  and  82,  has  a  water 
snrfibce  of  60  acres,  and  is  50  feet  deep,  the  top  water  level  being 
312  feet  above  the  level  of  the  sea.     It  contains  548,000,000  gallons 
when  fnll,  equal  to  a  snpplj  for  29  days  at  the  present  rato  of 
consumption ;    and  thus  admits  of  repairs  being  made  upon  the 
line    of  aqueduct   without  interrupting  the  supply  to  the  city. 
The  reservoir  is  entirely  artificial,  being  formed  by  two  earthen 
embankments  400  yards  and  240  yards  long  respectively.    The 
water  is  first  received  from  the  aqueduct  into  a  basin  at  the  upper 
end  of  the  reservoir,  from  which  it  flows  over  four  cast  iron  gauge 
plates,  10  feet  long  each,  brought  to  a  thin  edge,  into  an  upper  pool 
or  compartment  of  the  reservoir  having  an  area  of  about  2  acres. 
The  depth  of  water  passing  over  the  gauge  plates  is  regularly  ganged, 
the  delivery  from  the  aqueduct  thereby  computed,  and  the  quantify 
of  water  passing  every  day  into  Glasgow  is  thus  known.     From  the 
upper  pool  the  water  passes  into  the  main  reservoir  over  similar  cast 
iron  gauge  plates.     The  water  is  drawn  from  the  reservoir  by  pipes 
laid  in  a  tunnel  cut  through  the  rock  in  the  solid,  at  the  end  of  the 
main  embankment,  no  pipes  being  laid  through  the  embankments 
themselves.     At  the  end  of  the  tunnel  next  the  reservoir  there  ia  a 
stand-pipe  with  valves  at  different  heights,  which  admit  of  water 
being  drawn  off  at  various   levels.     The  water  passes  down  the 
stand-pipe  and  along  a  48  inch  pipe  in  the  tunnel  for  a  distance 
of  about  50  yards  to  a  circular  straining  well  cut  in  the  rock. 
Water  can  also  be  drawn  direct  from  the  aqueduct  or  from  the 
upper  compartment  of  the  reservoir  into  the  pipes  leading  to  the 
city,  without  passing  through  the  reservoir,  by  means  of  a  line 
of  48  inch  pipes  laid  through  the  bottom  of  the  reservoir  firom  the 
stand-pipe  back  to  the  upper  end  of  the  reservoir  where  the  aquednct 
enters. 

The  straim'ng  well  is  shown  in  vertical  section  in  Figs.  31 
and  32,  Plates  45  and  46;  and  Eig.  33  is  a  sectional  plan.  The 
well  is  40  feet  diameter  and  63  feet  deep,  cut  out  of  the  solid 
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rock.  Within  the  straimng  well  and  forming  an  inner  chamber  of 
octagonal  shape,  25  feet  diameter,  a  series  of  oak  frames  Q  Q  are 
placed,  covered  with  copper  wire  cloth  of  40  meshes  to  the  inch ; 
these  are  held  in  the  eight  cast  iron  pillars  B,  which  have  grooves 
cast  in  them  to  receive  the  frames.  These  wire  doth  strainers 
occnpy  only  the  lower  part  of  the  well,  the  space  above  being  filled 
in  with  wood  planking  S  S  np  to  the  top  water  level  of  the  reservoir. 
The  water  passes  £rom  the  ontside  through  the  wire  cloth  strainers 
into  the  inner  chamber,  and  is  taken  off  thence  to  the  city  by  two 
hnes  of  cast  iron  pipes  42  inches  diameter,  as  shown  by  the  arrows. 
The  water  undergoes  no  filtration,  but  in  passing  through  these 
copper  wire  strainers  any  straws  or  other  floating  matters  are 
separated  from  it.  The  pipes  in  the  bottom  of  the  straining  well 
are  provided  with  junctions  and  stop  valves,  as  seen  in  the  plan, 
Fig.  83,  so  as  to  admit  of  the  supply  being  drawn  direct  from 
the  reservoir  while  the  strainers  are  beiag  cleaned ;  which  is  done 
by  emptying  the  well  and  throwing  a  jet  of  water  upon  the  strainers 
from  the  inside  outwards  by  a  leather  hose  with  the  head  pressure 
of  the  reservoir,  the  foul  water  being  carried  off  by  a  tunnel  through 
the  rock.  The  frames  Q  Q  carrying  the  strainers  can  also  be  raised 
to  the  top  of  the  well  and  taken  out  for  repairs,  by  being  drawn  up 
through  the  grooves  in  the  cast  iron  pillars  B  in  which  they  are  fitted. 
The  top  of  the  straining  well  is  roofed  in  and  partly  covered  with 
glass,  as  a  protection  to  the  working  gearing  of  the  stop  valves. 
These  valves  are  each  divided  into  two  halves,  affording  together  a 
water  way  of  the  frdl  diameter  of  the  42  iach  pipes.  Each  half 
of  the  valve  is  opened  and  shut  by  an  iron  rod  passing  up  through 
a  cast  iron  pipe,  and  terminating  at  a  convenient  height  above  the 
water  level  in  a  long  brass  nut,  into  which  works  a  stationary  iron 
screw,  turned  by  a  crank  and  bevil  wheels. 

The  two  lines  of  42  inch  pipes  laid  in  the  tunnel  leading  off  from 
the  strainiDg  well  will  deliver  the  whole  50  million  gallons  per  day 
that  the  aqueduct  is  constructed  to  convey ;  but  on  emerging  from 
the  tunnel,  which  is  440  yards  long,  they  are  diminished  to  86  inches 
diameter,  and  provision  is  made  for  additional  pipes  being  laid  when 
they  may  be  required.     At  the  poiat  where  the  pipes  are  reduced  to 
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86  inolies  diameter,  a  self-actmg  tliroUle  tbIyo  is  fixed  on  each  line 
of  pipes,  the  object  of  which  is  to  shut  off  the  water  coming  from 
the  reservoir  in  the  event  of  one  of  the  pipes  bursting  or  any  other 
accident  occurring  whereby  the  velocity  of  the  water  in  the  pipe 
is  increased  beyond  that  to  which  the  valves  are  adjusted.  These 
self-acting  throttle  valves  were  suggested  by  Sir  William  G*. 
Armstrong,  and  first  used  in  the  Manchester  Water  Works ;  and 
have  been  subsequently  introduced  in  the  Liverpool  Water  Works, 
(see  Proceedings  Inst.  M.  E„  1863,  page  174.) 

At  intervals  along  the  line  of  the  mains  to  Glasgow  and  at  several 
points  in  the  ciiy,  stop  valves  are  fixed  in  the  large  pipes,  one  of 
which  for  a  36  inch  pipe  is  shown  in  Figs.  34  to  36,  Plates  47  and  48. 
To  admit  of  these  valves  being  easily  closed  or  opened,  the  slide 
is  divided  into  two  compartments  T  and  U,  one  being  consideralily 
smaller  than  the  other.     The  smaller  slide  T  is  the  first  opened, 
and  the  passage  of  the  water  through  this  opening  so  much  reduces 
the  pressure  upon  the  larger  slide  U  that  it  can  abo  be  opraied  with 
ease ;  the  valve  is  thus  easily  worked  by  one  man.     To  economise 
space,  which  is  an  object  where  large  valves  have  to  be  placed  in 
public  streets,  the  total  effective  area  of  the  valve  has  been  reduced, 
in  the  case  of  these  36  inch  valves,  from  7  square  feet,  the  area  of 
the  pipe,  to  4i  square  foot ;   the  smaller  slide  T  having  an  area  of 
1  square  foot,  and  the  larger  U  an  area  of  3^  square  feet.    To  pass 
this  contraction  with  the  velocity  that  the  water  in  the  pipes  will 
have  when  the  discharge  is  greatest,  the  loss  of  head  will  be  fecan 
4  to  6  inches ;   but  this  loss  is  more  than  compensated  for  b7  the 
economy  of  the  valve  and  the  reduction  in  the  dimensions  of  all  the 
parts.     The  design  of  these  valves  is  also  due  to  Sir  WilHani 
Or,  Armstrong,  and  for  large  valves  that  have  to  be  worked  under 
great  pressure  they  leave  nothing  further  to  be  desired. 

The  concussion  caused  in  large  pipes  by  suddenly  closing  the 
stop  valves  requires  to  be  guarded  against,  and  this  is  done  to  a 
considerable  extent  by  the  construction  of  the  stop  valves  themselres ; 
but  in  order  to  reduce  still  Airther  the  risk  from  this  cause) 
momentum  valves  are  fixed  on  the  pipes  close  to  all  the  large  stop 
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valves,  and  behind  the  aelf-acting  throttle  Talres.  They  are  simplj 
safety  valves  constructed  on  the  principle  of  the  equilibrium  or 
doable-beat  Cornish  valve,  and  have  been  used  both  in  the 
Manchester  and  Liverpool  Water  Works,  (see  Proceedings  Inst. 
M.E.,  1863,  page  175.)  Air  valves  are  placed  upon  all  the  summits 
and  Booming  cocks  in  the  bottom  of  all  the  hollows  on  the  mains. 
The  Boonring  valves,  as  well  as  aU  the  stop  valves  used  in  the  city 
under  17  inches  diameter,  are  the  ordinary  slide  valves  with  double 
brass  icings.  The  fire  cocks  used  in  Glasgow  are  of  brass,  upon 
the  principle  of  the  common  ground  cock,  with  the  water  admitted 
to  the  inside  of  the  plug,  which  is  hollow :  the  pressure  of  the  water 
tends  to  force  the  plug  into  its  seat,  and  thus  to  keep  the  cock  tight. 
Theore  are  2700  of  these  fire  cocks  in  the  city,  placed  at  intervals 
varying  from  40  to  60  yards;  and  also  about  1200  fire  cocks  appHed 
as  cleansing  cocks.  The  water  meters  used  in  Glasgow  are  those  by 
Kennedy  of  Kilmarnock,  of  which  there  are  upwards  of  500  in 
nse,  producing  a  revenue  of  £15,000  a  year,  (see  Proceedings 
Inst.  M.B.,  1856,  page  151.) 

For  the  distribution  of  the  vrater  supply,  the  north  part  of  the 
dty  is  divided  into  a  high  and  a  low  district.  The  high  district  is 
supplied  by  the  36  inch  main  from  the  Mugdock  reservoir  which  is 
brought  in  by  ]i|[aryhill,  as  shown  at  Y  in  Fig.  2,  Plate  31 ;  and  the 
low  district  by  the  main  W  brought  in  by  the  Great  Western  Boad. 
These  mainB  as  well  as  the  subsidiary  noains  in  the  city  are  connected 
at  intervals,  so  that  an  accident  occurring  to  any  one  section  of  the 
mains  does  not  to  any  serious  extent  affect  the  general  supply  to  the 
city.  The  large  pipes  only  are  connected;  and  each  distributing 
pipe  is  frimished  with  a  stop  valve  where  it  leaves  the  main,  and  a 
cleansing  cock  at  the  further  end. 

The  quantity  of  water  sent  into  the  city  from  Loch  Katrine 
dnring  the  first  six  months  of  the  present  year  averaged  19,100,000 
gallons  per  day;  and  3,400,000  gallons  per  day  in  addition  were 
Bent  in  from  the  Gorbals  Water  Works  on  the  south  side  of  the 
river.  Altogether  therefore  the  total  supply  to  Glasgow  is 
22,500,000  gallons  a  day,  and  this  is  distributed  to  a  population  of 
about  4)85,000  persons,  being  upwards  of  45  gallons  per  head  per 
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day.     Of  this  quantity  about  3|  gallons  per  head  per  day  is  sold  by 
meter. 

The  cost  of  the  Loch   Katrine  Water  Works  has  been  as 
follows : — 

Construction  of  Works £761,000 

Land,  parliamentaiy  expenses,  engineering, 

and  sundries 157,000 

918,000 

Add  snms  annually  payable  to  proprietors  in  the  two 

previous  water  companies,  capitalised  at  4  per  cent.       674,000 

Total  cost  of  the  whole  Water  Works       .     .     .  £1,592,000 
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The  President  remarked  tliat  the  consninption  of  water  in 
Glasgow  as  named  in  the  paper,  45  gallons  per  head  per  day, 
appeared  a  very  large  quantity ;  and  he  enquired  how  mach  of  that 
was  supplied  for  public  works  and  steam  engines,  &c,j  and  how 
much  was  to  be  considered  as  the  supply  to  dwelling  houses  for 
domestic  purposes. 

Mr.  Gale  replied  that  about  3^  gallons  per  head  was  supphed  bj 
meter  for  trade  purposes,  and  about  another  3^  gallons  without 
meters  for  the  same  purposes,  including  steam  engines,  warehouses, 
shops,  and  all  manufacturing  and  other  purposes,  except  domestic 
use ;  making  7  gallons  per  head  supplied  for  such  purposes.  That 
left  38  gallons  per  head  as  the  supply  to  dwelling  houses  for 
domestic  use,  which  was  certainly  a  very  large  consumption,  and  no 
doubt  much  of  it  was  due  to  waste. 

Mr.  E.  A.  CowPER  enquired  whether  there  were  any  turbines  in 
use,  driven  by  the  water;  for  with  the  good  pressure  that  was 
maintained  in  the  mains,  turbines  could  be  used  with  great 
advantage  in  a  large  number  of  the  manu&ctories  of  small  size. 

Mr.  Gale  replied  that  there  were  a  few  turbines  of  small  power, 
but  their  consumption  of  water  was  included  in  the  supply  for 
steam  engines  and  manufacturing  purposes. 

Mr.  J.  Manning  enquired  whether  the  water  used  for  watering 
the  streets  was  included  in  the  7  gallons  that  were  accounted  for  in 
the  manner  that  had  been  explained. 

Mr.  Gale  replied  that  the  water  on  the  streets  was  included  in 
the  7  gallons  supplied  for  the  purposes  of  public  works. 

Mr.  W.  E.  Newton  considered  it  was  a  question  of  the  greatest 
importance  to  the  residents  in  large  towns,  whether  the  water  was 
supplied  to  them  by  meter  or  otherwise.  In  London  he  understood 
the  water  companies  could  not  be  induced  to  supply  by  meter,  giving 
as  one  reason  that  there  was  no  meter  they  could  lise  which  wonld 
be  fair  both  to  themselves  and  the  consumers ;  and  the  charge  for 
the  water  was  therefore  fixed  at  6  per  cent,  upon  the  rental  of  the 
house,  irrespective  of  the  quantity  used :  the  same  was  the  case  also 
in  many  other  large  towns.  This  did  not  appear  affair  and  proper 
arrangement,  since  a  house  occupying  an  expensive  situation  in  the 
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town  had  thus  to  pay  mnch  more  for  the  water  than  a  honse  on  the 
outskirts,  though  the  former  might  be  using  no  more  water  or  even 
not  80  mnch  ;  and  he  considered  the  onlj  £air  plan  would  be  for  each 
consumer  to  pay  for  the  quantity  actually  used  and  no  more.  In 
Glasgow  it  appeared  that  only  S^  gallons  per  head  was  supplied  by 
meter  out  of  the  total  daily  consumption  of  45  gallons,  and  he 
enquired  how  it  was  that  only  so  small  a  quantity  was  supplied  by 
meter,  and  whether  the  use  of  meters  was  optional  with  the 
consumers.  He  asked  also  what  construction  of  meter  was 
employed  and  how  it  was  found  to  answer ;  if  a  really  good  meter 
were  provided,  it  might  be  possible  he  thought  to  insist  upon  the 
water  companies  supplying  by  meter,  instead  of  the  present  plan  of 
cliarging  irrespective  of  the  quantity  used. 

Mr.  Gale  replied  that  the  3  J  gallons  supplied  by  meter  out  of 
the  daily  consumption  of  45  gallons  per  head  was  supplied  to  public 
works,  and  it  was  only  for  these  purposes  that  the  water  was 
supplied  by  meter.  Dwelling  houses  were  not  supplied  by  meter, 
but  were  rated  according  to  rental,  in  the  same  manner  as  in  London 
and  elsewhere ;  and  he  did  not  see  how  it  could  be  arranged  for 
the  supply  of  water  to  dwelling  houses  to  be  by  meter.  The  meters 
used  were  Kennedy's  piston  meters,  which  he  had  found  continued 
to  work  correctly  for  a  great  length  of  time,  and  he  considered  them 
excellent  meters. 

The  President  thought  the  water  company  would  be  glad  to 
supply  tbe  water  by  meter  to  all  consumers,  if  it  could  be  so 
arranged,  but  he  feared  the  public  in  general  would  not  agree  to 
the  universal  adoption  of  any  meter.  The  company  had  frequently 
found  it  necessary  to  threaten  that  if  consumers  did  not  take  better 
care  to  prevent  the  waste  of  so  much  water,  the  use  of  meters 
would  have  to  be  made  general  and  compulsory.  He  certainly 
considered  the  supply  by  meter  was  the  only  fair  plan,  so  that  each 
consxmier  should  pay  for  the  water  he  actually  used. 

Mr.  J.  Fernie  suggested  that  the  cost  of  the  meters  would 
probably  be  a  difficulty  in  the  way  of  their  general  adoption :  he 
enquired  what  would  be  the  number  required,  and  what  was  their 
cost. 
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Mr.  Gale  replied  that  there  were  upwards  of  100,000  fieunilies 
supplied  with  water  by  the  corporation  within  the  area  of  distribution 
in  Glasgow  and  neighbourhood,-  and  the  meters  cost  &om  £3  10«.  to 
£10  each;  so  that  the  uniyersal  adoption  of  the  meters  would 
involve  a  very  large  outlay.  Tn  addition  to  this  there  was  the 
further  objection  that  one  half  the  population  of  Glasgow  drew 
their  water  from  common  taps,  direct  from  the  street  main  and 
common  to  twenty,  thirty,  or  a  hundred  different  fionilies;  andthei^ 
was  no  means  of  properly  apportioning  the  chai^  in  such  cases  to 
the  severed  parties. 

The  President  suggested  that  the  charge  might  be  put  upon  the 
landlord  in  such  cases,  by  a  rate  in  proportion  to  the  rental,  the 
same  as  at  present. 

Mr.  W.  E.  Newton  observed  that  that  was  a  difficolty  not 
incidental  to  London  and  other  large  towns  m  England,  becanse  the 
houses  were  there  all  self-contained,  and  not  in  flats  as  in  Glasgow. 

Mr.  T.  Snowdon  enquired  what  was  the  amount  of  the  water 
rate  in  Glasgow. 

Mr.  Gale  replied  that  the  rate  was  at  present  Is.  2d.  in  the  pound 
to  all  the  district  north  of  the  Clyde,  and  Is.  m  the  pound  on  the 
south  side  of  the  river. 

Mr.  I.  Smith  enquired  what  was  the  rate  of  charge  £br  water 
supplied  by  meter  to  public  works. 

Mr.  Gale  replied  that  the  charge  by  meter  varied  from  4i'8d.  to 
7d.  per  1000  gallons  according  to  the  quantity  used,  the  smallest  price 
being  for  a  consumption  exceeding  6,000,000  gallons  per  quarter  of 
a  year. 

Mr.  E.  HuHPHRTS  thought  there  was  not  so  much  objection  to  the 
use  of  water  meters  in  London  as  appeared  to  be  felt  in  Glasgow. 
At  his  own  house  in  the  neighbourhood  of  London  the  water  was 
supplied  by  meter  from  the  Kent  Water  Works,  for  which  the 
charge  was  lOd.  per  1000  gallons ;  and  he  had  no  reason  to  think 
that  he  paid  for  either  more  or  less  than  the  quantity  actually  nsed. 

Mr.  A.  BiOG  enquired  whether  the  piston  meters  that  were  nsed 
would  allow  of  the  water  ever  passing  through  without  being 
registered,  or  whether  the  working  parts  were  so  accessible  that 
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the  consumers  might  arrange  them  to  pass  the  water  without 
registering:  and  also  whether  the  registration  varied  at  all 
according  to  the  pressure  of  water  in  the  particular  part  of  the 
town  where  the  meter  was  situated. 

Mr.  Gale  replied  that  the  piston  meters  would  allow  the 
water  to  pass  through  occasionallj  without  registering,  when  not 
in  perfect  order,  which  was  an  error  in  £a,Your  of  the  consumer ; 
hat  they  could  not  purposely  he  made  to  do  so,  except  hj  damaging 
the  meter.  The  registration  of  the  piston  meter  was  not  affected 
by  variation  in  the  pressure  of  the  water,  but  he  thought  meters 
constructed  on  the  rotary  principle  would  register  different 
quantities  according  to  the  pressure. 

Mr.  W.  E.  Newton  mentioned  that  a  large  prize  had  been  offered 
by  the  London  water  companies  for  a  really  good  and  reliable  water 
meter,  &om  which  it  would  appear  they  considered  this  still  an 
important  desideratum  and  were  not  fully  satisfied  with  any  of  the 
present  constructions  of  meters.  One  of  the  principal  difficulties  in 
ensuring  correct  registration  arose  he  believed  from  the  differest 
pressures  under  which  the  meters  were  required  to  work  in  different 
situations. 

Mr.  B.  A.  CowPBR  observed  that  there  were  a  great  number  of 
water  meters  at  work  in  London,  both  piston  meters  and  rotary 
meters,  and  he  certainly  thought  some  of  them  were  practically 
reliable  enough  for  all  ordinary  purposes.  In  a  trial  made  about 
a  year  ago  at  Somerset  House,  with  one  of  the  piston  meters  and 
one  of  Siemens*  rotary  meters,  measuring  the  water  into  a  large 
square  cast  iron  tank,  it  was  found  that  the  registration  of  the 
piston  meter  varied  from  3  to  9  per  cent,  from  the  correct 
amount,  according  to  the  rate  at  which  the  water  was  passed 
through  the  meter ;  whUe  the  rotary  meter  varied  only  from  1 J  to 
If  per  cent,  under  the  same  change  of  circumstances.  The 
range  of  variation  in  rate  of  working  which  the  rotary  meter 
admitted  of  was  especially  large,  and  it  would  measure  at  a  much 
slower  rate  than  a  piston  meter :  in  £act  from  as  Httle  as  a  wineglass 
fun  per  minute  up  to  10  gallons  per  minute  in  the  smallest  size  of 
meter,  and  from  100  to  100,000  gallons  per  minute  in  the  larger  sizes. 
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Water  companies  however  were  not  fiavonrable  he  thought  to  puttrng 
meters  in  private  honses,  beqanse  people  wonld  not  pay  so  mucli 
for  water  as  at  present :  for  where  the  consumers  had  to  pay  for  the 
water  by  a  fixed  charge,  such  as  the  rate  upon  rental,  irrespectiye  of 
the  quantity  used,  they  would  not  hesitate  to  use  as  much  water  as 
they  wanted ;  but  if  they  had  to  pay  by  meter,  according  to  the 
quantity  used,  and  could  save  money  by  using  less  water,  they 
would  be  very  likely  to  do  so,  and  in  many  cases  would  not  use  as 
much  water  as  was  desirable.  It  seemed  fair  to  assume  that  the 
tenant  of  a  house  should  use  a  reasonable  quantity  of  water ;  and 
therefore  what  was  considered  to  be  a  fair  average  rate  was 
charged,  which  he  thought  was  on  the  whole  the  best  way. 

Glasgow  was  greatly  to  be  congratulated  he  considered  on  having 
a  supply  of  such  excellent  water,  containing  only  2^  grains  of  soluble 
matter  per  gallon ;  that  was  a  most  remarkable  degree  of  pnritr, 
and  was  no  doubt  due  to  the  almost  entire  absence  of  arable  land  in 
the  drainage  area  from  which  the  supply  was  derived,  whereby  the 
•  water  was  kept  particularly  free  from  any  admixture  of  organic 
matter.  The  72  square  miles  of  drainage  area  was  certainly  a  most 
ample  extent  of  country  for  obtaining  the  water  supply,  and  the 
storage  capacity  also  appeared  ample  enough  for  Glasgow  for  the 
next  century  to  come. 

Mr.  F.  J.  Bramwell  enquired  whether  any  difficulty  had  been 
experienced  from  the  water  acting  upon  lead  pipes,  on  accoont  of 
its  exceeding  purity. 

Mr.  Gale  replied  that,  from  careful  investigations  made  before 
the  water  works  were  commenced,  it  was  thought  that  under  the 
ordinary  circumstances  of  supply  in  Glasgow  there  would  be  no 
perceptible  action  upon  lead  pipes :  and  this  had  proved  to  be  the 
case,  as  the  water  was  not  found  to  act  upon  lead  to  any  perceptible 
or  injurious  extent. 

Mr.  H.  Maudslay  observed  that  the  area  of  passage  for  the 
water  through  the  stop  valves  in  the  36  inch  mains  appeared  to  be 
greatly  reduced  as  compared  with  the  size  of  the  pipes ;  and  he 
enquired  how  it  was  that,  if  so  large  an  area  of  passage  as  7  square 
feet  was  required  in  the  pipes,  the  area  had  been  reduced  to  only 
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4i\  square  feet  at  the  valves.  The  plan  of  dividing  the  stop  valves 
into  two  parts,  and  opening  the  smaller  slide  first,  so  as  to  take  off 
the  pressure  from  the  larger  slide  whilst  that  was  being  opened, 
was  a  simple  and  efficient  way  of  getting  over  the  difficulty  of 
opening  a  large  slide  valve  under  a  heavy  pressure:  the  same 
object  was  sometimes  accomplished  by  having  a  small  pipe  furnished 
with  a  cock,  communicating  with  the  main  pipe  on  each  side  of  the 
large  valve,  so  as  to  reUeve  the  pressure  on  the  back  of  the  valve  at 
the  time  of  opening  or  shutting  it. 

Mr.  B.  A.  CowPEB  remarked  that  where  it  was  desirable  for  the 
sake  of  convenience  or  economy  to  keep^  valve  small,  it  was 
reasonable  to  make  the  area  of  passage  through  the  valve  less  than 
the  area  of  the  pipe :  because  the  loss  of  head  from  the*  friction 
through  a  great  length  of  pipe  was  very  great,  and  therefore  pipes 
were  made  as  large  as  practicable ;  whereas  the  loss  of  head  due 
to  the  water  passing  the  contracted  opening  of  the  valve  was  but 
a  small  amount.  For  this  reason  it  was  a  common  practice  to  have 
valves  or  cocks  smaller  than  the  pipes  connected  to  them. 

Mr.  Gale  observed  that  there  was  an  advantage  in  reducing  the 

size  of  the  stop  valves  in  the  mains,  and  so  long  as  the  area  of 

passage  was  large  enough  to  be  effective,  the  smaller  the  valves 

were  the  better;  since  they  were  then  more  compact  and  more 

easily  fixed  in  the  streets,  where  the  space  available  was  often  too 

small  for  fixing  a  large  valve,   on  account   of  the  street  being 

already  occupied  by  drains  and  other  pipes  for  gas  and  water.     In 

the  stop  valve  shown  in  the  drawings  the  area  of  passage  of  the 

36  inch  main  was  reduced  about  one  third  at  the  valve,  and  the  loss 

of  head  in  the  water  pressure  caused  by  this  was  about  4  inches. 

If  the  contraction  were  in  the  form  of  a  diaphragm  with  a  hole  in  it, 

standing  abruptly  across  the  stream,  the  loss  of  head  would  be 

6  inches;   but  by  making  the  aj^)roaches  to  the  valve  slightly 

curved,  the  loss  was  reduced  to  probably  not  more  than  4  inches 

of  head.     As  the  same  amount  of  head  would  be  lost  by  friction  in  a 

length  of  only  about  60  yards  of  main,  it  was  a  mere  trifle  in 

comparison  with  the  practical  advantage  of  getting  the  stop  valve 

so  much  smaller  in  size. 
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Mr.  J.  J.  BiRCKEL  remarked  that  a  componnd  slide  valye,  baying 
a  small  slide  on  the  back  of  the  main  slide,  had  been  in  nse  many 
jears  for  the  steam  regulators  of  many  locomotive  engmes,  for 
relieving  the  pressure  on  the  back  of  the  larger  slide  in  opemng 
the  valve,  in  a  similar  manner  to  the  donble  stop-valve  that  liad 
been  described.  He  enquired  what  was  the  pressure  of  the  water 
in  the  mains  in  various  parts  of  Glasgow. 

Mr.  Gale  replied  that  there  was  great  variation  of  level  in 
Glasgow,  from  the  sea  level  to  200  feet  above  sea  level  in  the 
higher  parts  of  the  citj  and  300  feet  above  sea  level  at  the 
Mugdock  reservoir ;  and  the  pressure  in  the  mains  therefore  varied 
correspondingly,  ranging  from  100  lbs.  per  square  inch  down  to 
nothing.  At  Clarendon  Place,  St.  George's  Road,  where  the  two 
mains  from  Mugdock  reservoir  met  and  the  distribution  to  the  city 
commenced,  a  series  of  gauges  were  erected  on  the  several  branches, 
to  afford  the  means  of  observing  the  pressure,  which  varied  in  the 
mains  of  one  district  from  90  lbs.  per  square  inch  in  the  night  to 
70  lbs.  in  the  day,  and  in  the  mains  of  the  other  district  from  60  lbs. 
during  the  night  to  40  lbs.  during  the  day.  In  both  of  the  mains 
the  pressure  could  be  increased  a  little  if  desired  by  opening  the 
stop  valves  to  the  widest  extent. 

Mr.  W.  E.  Newton  enquired  whether  the  water  supply  was 
constant,  night  and  day,  to  all  parts  of  the  city,  or  whether  cisterns 
were  used  ;  and  whether  any  difficulty  had  been  experienced  from 
frost. 

Mr.  Gale  replied  that  the  supply  was  constant,  night  and  day, 
without  cisterns,  except  in  the  higher  districts  where  cisterns  were 
necessary.  No  difficulty  whatever  had  been  experienced  from 
frost  in  the  large  pipes  in  the  streets,  bnt  some  trouble  arose 
occasionally  with  the  lead  service  pipes  in  houses,  where  they  were 
not  properly  protected  from  the  weather.  With  the  ordinaxy 
precaution  however  of  having  the  pipes  properly  protected,  no 
difficulty  from  frost  need  be  feared. 

Mr.  J.  Fernie  observed  that  for  crossing  the  three  vaDeys  of 
the  Duchray,  the  Endrick,  and  the  Blane,  the  cast  iron  syphon 
pipes  employed  were   only  4  feet  diameter,  while  the  built  and 
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tmmelled  portion  of  the  aqueduct  was  8  feet  square ;  and  he 
enquired  how  the  pipes  were  connected  to  the  aqueduct  at  each 
end. 

Mr.  GrALE  explained  that  the  aqueduct  delivered  the  water  into 
a  small  basin  of  about  22^  feet  by  15  feet,  into  which  the  4S  inch 
syphon  pipe  was  inserted  ;  and  the  other  end  of  the  pipe  dehvered 
the  water  into  a  similar  basin  on  the  other  side  of  the  valley  where 
the  aqueduct  was  renewed.  The  velocity  of  the  water  through  the 
pipe  was  much  greater  than  along  the  aqueduct,  the  fall  in  the 
aqueduct  being  1  in  6336,  while  that  between  the  two  ends  of  the 
pipe  was  1  in  1000. 

The  President  enquired  whether  there  had  been  any  leakage  at 
the  ends  of  the  Culegarton  and  similar  wrought  iron  aqueduct 
bridges,  where  the  junction  of  the  cast  iron  trough  with  the  wrought 
iron  tube  was  made  by  the  bolster  of  vulcanised  india-rubber ;  and 
also  whetlier  there  had  been  any  trouble  from  freezing  in  the 
aqueduct. 

Mr.  Gale  replied  that  no  leakage  had  been  experienced  at  the 
ends  of  the  wrought  iron  aqueduct  bridges,  and  the  india-rubber 
bolster  was  found  to  make  a  perfectly  water-tight  joint,  while 
allowing  for  the  free  expansion  and  contraction  of  the  wrought  iron 
tube.  The  water  had  never  been  found  to  freeze  in  the  aqueduct, 
being  covered  over  throughout  the  entire  course  of  the  aqueduct, 
excepting  the  open  cast  iron  troughs. 

Mr.  J.  E.  Swindell  enquired  whether  the  geological  formations 
met  with  along  the  line  of  the  aqueduct  from  Loch  Katrine  to 
Glasgow  presented  a  continuous  and  complete  series  according 
to  the  regular  order. 

Mr.  Gale  exhibited  a  series  of  specimens  of  the  rocks  passed 
through  in  the  construction  of  the  aqueduct.  He  explained  that 
the  Loch  Eottrine  tunnel  commenced  in  the  lowest  of  the  sedimentary 
rocks,  after  which  came  the  mica  schist  and  the  clay  slate.  There 
was  then  a  gap  in  the  geological  series  at  the  commencement  of  the 
Clashmore  tunnel,  which  passed  through  the  conglomerate  and  the 
old  red  sandstone,  and  the  red  sandstone  series  was  complete  to  the 
upper  end,  where  it  was  thrown  out  by  a  great  belt  of  amygdaloidal 
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trap  at  tlie  Mngdock  tuimel,  cansmg  a  Toid;  and  then  the  coal 
measures  were  met  with  at  once,  extending  all  the  rest  of  the  way 
to  Glasgow. 

The  President  enquired  how  rapidly  the  water  level  in  Loch 
Katrine  rose  after  a  heavy  rain&lL 

Mr.  Gale  said  he  had  known  the  water  level  rise  as  mucli  u 
12  inches  in  24  honrs  when  there  had  been  a  heavy  fiiJl  of  rain. 

The  President  enquired  what  was  the  pressure  at  the  lowest 
part  of  the  48  inch  s3rphon  pipes  crossing  the  valleys. 

Mr.  Gale  replied  that  the  greatest  pressure  in  the  48  inch  pipes 
was  240  feet  head,  at  the  bottom  of  the  Endrick  valley,  and  that 
was  the  greatest  pressure  at  any  part  of  the  course  of  the  works. 

Mr.  A.  Bigg  asked  what  provision  was  made  in  the  event  of  an 
accident,  such  as  the  bursting  of  one  of  the  48  inch  pipes. 

Mr.  Gale  said  there  were  men  constantly  stationed  for  the 
purpose  of  shutting  the  water  off  in  case  of  any  accident,  by  meam 
of  sluice  valves  fixed  at  the  aqueduct  bridges,  the  water  bong 
discharged  into  the  streams  below,  until  orders  could  be  sent  to 
shut  off  the  water  at  the  Loch  Katrine  inlet. 

The  President  enquired  how  often  the  straining  well  at  Mugdock 
required  cleaning,  and  whether  much  refuse  was  found  in  it  at  the 
time  of  cleaning. 

Mr.  Gale  replied  that  the  straining  well  was  cleaned  about  onoe 
a  week  during  summer  and  once  a  fortnight  during  winter.  The 
re^e  found  upon  the  strainers  consisted  of  leaves  and  bits  of  sticb 
and  straws,  and  was  sufficient  to  prevent  the  action  of  the  stramen 
if  allowed  to  go  on  longer,  as  the  strainers  were  very  fine  and  dose, 
being  made  of  copper  wire  cloth  with  40  meshes  to  the  inch. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Gale  for  his 
paper,  which  was  passed. 


The  following  paper,  by  Mr.  Andrew  Duncan  of  Glasgow, 
Besident  Engineer  to  the  Clyde  Trust,  communicated  through  the 
President,  was  then  read : — 
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ON  THE  CONSTRUCTION  AND  RESULTS  OF  WORKING 
OP  THE  LARGE  STEAM  DREDGERS  ON  THE  CLYDE. 


Bt  Mr.  ANDREW  DUNCAN,  op  Glasgow. 


The  improyements  in  the  channel  of  the  river  Clyde  were 
oonunenced  in  1770,  under  the  direction  of  Mr.  Goulbonme  of 
Chester.  At  that  time  the  navigable  depth  to  Glasgow  was  only 
3  feet  at  high  water  spring  tides,  as  shown  in  the  diagram.  Fig.  7, 
Plate  52,  with  1|  feet  at  low  water ;  while  the  high  water  of  neap 
tides  did  not  reach  Glasgow  at  all.  The  river  was  crossed  by 
se^en  fords,  one  being  as  far  down  the  river  as  Dnmbnck,  about 
12  miles  below  Glasgow,  which  had  only  2  feet  d^th  over  it  at 
low  water.  The  first  operation  seems  to  have  been  the  removal 
of  the  Dnmbnck  ford ;  and  nnmerons  cross  jetties  were  afterwards 
shot  out  from  either  bank  as  fitr  up  as  Glasgow,  for  the  purpose 
of  narrowing  the  channel,  their  outer  ends  being  subsequently 
connected  by  parallel  dykes.  Soon  after  1798  a  few  ploughs  and 
a  dredging  machine  worked  by  manual  labour  were  employed  in 
deepening  the  shallowest  places ;  and  the  result  of  these  operations 
was  to  enable  vessels  drawing  6  feet  of  water  to  come  up  to 
Glasgow  at  high  water  spring  tides. 

By  the  introduction  of  Steam  Dredgers  upon  the  Clyde,  very 
important  improvements  have  been  effected  in  enlarging  the  channel 
of  the  river.  In  1824  the  first  steam  dredging  machine  was 
obtained,  which  now  belongs  to  the  town  of  Dumbarton,  and  is  at 
work  on  the  river  Leven  running  out  from  the  foot  of  Loch 
Lomond  into  the  Clyde.  By  that  time  the  Liverpool  traders -were 
coming  up  to  Glasgow  at  high  water  spring  tides,  drawing  11  feet 
of  water,  as  shown  in  the  diagram.  Fig.  8,  Plate  62.  In  1831, 
there  were  two  vessels  drawing  13  feet;  in  1836,  six  vessels 
drawing  16  feet;  in  1839,  one  drawing  17  feet;  in  1863,  two 
drawing  19  feet ;  in  1860,  eight  drawing  19  feet ;  and  in  1863,  two 
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veBsels  drawing  21  feet  arrived  at  Glasgow,  illustrated  by  the 
diagram,  Fig.  9,  Plate  52.  The  register  tonnage  of  the  Tessels 
arriving  and  departing  from  Glasgow  now  exceeds  three  noillions 
annually ;  and  the  mim'mnm  depth  of  the  river  is  now  not  less  than 
12  feet  at  low  water,  with  a  rise  of  9  feet  at  average  spring  tides  and 
7  feet  at  neap  tides.  The  deepening  and  widening  of  the  channel 
is  still  in  progress,  and  more  powerful  machinery  is  in  course  of 
construction  in  order  to  hasten  on  the  work.  The  depth  which  is 
now  contemplated  throughout  the  whole  length  of  the  river  np 
to  Glasgow  is  16  feet  at  low  water,  giving  24  feet  depth  of  high 
water  at  spring  tides  and  22  feet  at  neap  tides. 

As  regards  the  deposit  to  be  removed  from  the  river  bed,  the 
greater  portion  of  it  comes  from  the  drainage  of  the  city,  all  the 
sewers  of  which  discharge  into  the  harbour,  where  the  deposit 
lodges :  also  a  considerable  quantity  of  sand  is  brought  down  from 
the  upper  reaches  of  the  river  by  the  land  floods,  and  lodges  chiefly 
above  Glasgow  bridge.  One  of  the  two  large  double  dredging 
machines  is  kept  constantly  at  work  in  the  harbour,  the  maintenance 
of  which  costs  about  £11,000  annually,  and  three  fourths  of  this 
amount  may  be  said  to  be  due  to  city  sewage. 

The  entire  dredging  plant  of  the  river  consists  of  two  large 
double  dredgers,  shown  in  Plates  49  to  51,  and  three  single 
dredgers,  making  five  in  all :  connected  with  which  there  are  350 
punts,  each  capable  of  carrying  8  cubic  yards  or  10  tons  of  material; 
one  tug  steamer  of  80  horse  power ;  and  four  screw  hopper  barges, 
each  capable  of  carrying  300  tons,  shown  in  Plates  54  and  55. 
During  the  last  twenty  years,  8,114,872  cubic  yards  or  10,143,590 
tons  of  material  have  been  removed  by  dredging ;  last  year's  werk, 
ending  June  1864,  being  632,272  cubic  yards  or  790,340  tons. 

The  following  is  a  general  description  of  the  two  laige  doable 
dredgers,  Nos.  1  and  6,  the  latter  of  which  is  shown  in  Plates  49, 
50,  and  51. 

The  first  double  dredger.  No.  1,  was  constructed  in  1851  by 
Messrs.  Murdoch  Aitken  and  Co.  of  Glasgow.  The  hull  is  of  iron, 
98^  feet  long,  31  feet  broad,  and  10  feet  deep,  drawing  5  feet  of 
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water.  The  engine  is  a  direct-acting  marine  engine,  with  cylinder 
37  inches  diameter  and  3  feet  stroke,  and  makes  about  33  revolutions 
per  minute.  The  boiler  is  a  flue  boiler  with  four  furnaces,  worked 
at  a  pressure  of  4  lbs.  above  the  atmosphere,  and  burning  about 
44fcwt8.  of  cofJ  per  day  of  10  hours.  The  bucket  frames  are  of 
timber,  trussed  with  iron  rods,  and  the  buckets  can  dredge  in 
22\  feet  depth  of  water.  The  buckets  are  38  in  number  in  each 
well,  and  each  contains  when  quite  full  3^  cubic  feet.  The  motion 
is  communicated  from  the  engine  to  the  upper  tumbler  by  cast 
iron  shafting.  The  tumbler  makes  about  6^  turns  per  minute,  or 
13  backets  per  minute;  but  as  the  buckets  are  never  quite  full, 
the  quantity  lifted  when  working  in  good  material  is  about  10  tons 
in  4  minutes,  or  about  2  cubic  feet  per  bucket.  Taking  the  year 
ending  June  1864,  the  total  quantity  of  material  lifted  by  this 
dredger  was  143,360  cubic  yards  or  179,200  tons;  and  as  the  total 
number  of  engine  hours  was  2483,  the  average  quantity  lifted  per 
day  of  10  hours  was  about  720  tons. 

The  material  is  discharged  over  the  stem  of  this  dredger, 
which  arrangement  was  preferred  to  discharging  at  the  sides 
inasmuch  as  less  room  is  occupied  in  filling  the  punts  by  discharging 
over  the  stem ;  but  this  plan  has  the  disadvantage  of  causing  a  loss 
of  time  while  the  punts  are  being  shifted  after  each  has  been  filled. 
Another  disadvantage  is  that  when  working  during  flood  tide  in 
the  lower  reaches  of  the  river,  where  the  current  is  much  stronger 
than  in  the  harbotir,  the  punts  become  nearly  unmanageable,  the 
current  forcing  them  so  hard  against  the  stem  of  the  dredger, 
which  is  always  moored  with  its  bow  up-stream,  as  to  render  the 
shifting  of  the  punts  when  filled  a  work  of  considerable  labour ;  so 
much  so  in  fact  that  working  on  the  flood  tide  in  the  lower  reaches 
of  the  river  was  avoided  as  much  as  possible. 

The  cost  of  this  dredger  was  £8500.  The  crew  required  to 
work  the  dredger  and  punts  consists  of  eighteen  in  all,  namely : — 
captain,  mate,  engineer,  fireman,  bow  craneman,  stemman,  wellman, 
two  deckhands,  cook,  watchman,  and  seven  men  connected  with 
the  punts.  The  expenses  of  working  during  the  year  ending  30th 
Jime  1863  were  :— 
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Wages £916  19    2 

Coals 204  10    7 

Stores 73  11    6 

Total  working  expenses       £1195    1    2 
and  the  average  annual  cost  of  repairs  is  about  £580. 

The  other  large  double  dredger,  No.  6,  shown  in  Plates  49  to  51, 
was  constructed  in  1855  by  Messrs.  Thomas  Wingate  and  Co.  of 
Glasgow ;  and  is  arranged  so  as  to  discharge  over  the  sides,  in 
order  to  obviate  the  complaints  brought  against  the  previous 
dredger  when  working  in  the  lower  reaches  of  the  river,  for  which 
this  one  was  principally  intended  and  is  generally  used.  The  crew 
required  to  work  this  dredger,  exclusive  of  the  crews  on  board 
the  screw  hopper  barges,  is  twelve  in  all,  namely :— captain, 
engineer,  fireman,  mate,  cook,  watchman,  and  six  deckhands. 
Previous  to  the  hopper  barges  being  substituted  for  the  small 
punts,  this  machine  required  a  crew  of  twenty-one.  The  expenses 
of  working  during  the  year  ending  June  1863,  the  hopper  barges 
being  used,  amounted  to : — 

Wages      ........  £562    1    4 

Coals 171    1    6 

Stores 95    4    6 

Total  working  expenses      £828    7    4 
The  annual  average  cost  of  repairs  is  about  £980,  being  considerably 
more  than  in  the  case  of  No.  1  dredger ;  for  as  the  latter  is  working 
in  soft  soapy  sludge,  the  buckets  and  links  do  not  get  cut  np  so  soon 
as  if  working  in  sand,  as  in  the  case  of  No.  6. 

Fig.  1,  Plate  49,  is  a  longitudinal  section  of  No.  6  Dredger;  and 
Fig.  2,  Plate  50,  a  plan,  showing  the  line  of  punts  on  each  side  of 
the  dredger.  Fig.  3,  Plate  51,  is  a  transverse  section  to  a  larger 
scale. 

The  dredger  is  built  entirely  of  iron,  and  is  120  feet  long  and 
33  feet  broad,  with  a  flat  bottom  and  5  feet  draft  of  water;  the 
plates  are  7-16th8  inch  thick  at  the  bottom  and  5-16th8  inch  at  the 
sides.  The  two  boilers  A  A,  Figs.  1  and  3,  Plates  49  and  51,  fixed 
in  the  centre  of  the  vessel,  are  low  pressure  cylindrical  flue  boilers, 
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6  feet  diameter  and  15  feet  long,  working  at  3  lbs.  pressnre  above 
the  atmosphere ;  and  the  coal  consumed  is  about  2^  tons  per  day 
of  10  hours.  The  engine  B  is  a  single  side-lever  condensing  engine, 
with  37  inch  cylinder  and  3  feet  stroke,  mnning  at  an  average 
speed  of  abont  32  revolutions  per  minute,  and  driving  the  tumbler 
shafts  C  C  of  the  two  bucket  frames  D  D  at  the  reduced  speed  of 
6  revolutions  per  minute,  by  two  sets  of  spur  gearing  consisting 
of  mortice  wheels  and  cast  iron  pinions.  Either  set  of  buckets 
can  he  stopped  and  started  independently  of  the  other  by  means 
of  clutch  boxes  worked  by  levers  upon  deck. 

The  power  is  communicated  to  the  tumbler  shafbs  C  C  through 
friction  wheels  E  E,  which  are  adjusted  so  as  to  transmit  only  a 
definite  amount  of  power,  and  to  slip  round  freely  whenever  the 
resistance  exceeds  that  limit,  from  the  buckets  cutting  too  deeply  into 
the  ground  or  meeting  with  any  obstacle :  by  this  means  any  risk  of 
damage  to  the  machinery  is  prevented.  One  of  these  friction  wheels 
is  shown  enlarged  in  Figs.  4  and  5,  Plate  52.  It  consists  of  one 
ring  revolving  within  another,  the  inner  one  F  being  keyed  upon 
the  shaft,  and  having  a  cylindrical  recess  of  rectangular  section 
tamed  in  the  circumference,  8|  inches  wide  and  1  inch  deep,  in 
which  fit  a  series  of  cast  iron  segment  blocks  1 1.  These  are  held 
in  recesses  in  the  outer  ring  G,  and  are  each  pressed  against  the 
inner  nng  by  a  set  screw,  adjusted  to  give  the  required  amount  of 
friction  for  driving  the  inner  ring  F  and  the  gearing  connected 
with  it. 

The  bucket  frames  or  dredging  ladders  D  D,  Plates  49  and  51, 
consist  each  of  a  pair  of  wrought  iron  plate  girders,  11  feet  long  and 
3  feet  9  inches  deep  in  the  centre,  fixed  parallel  to  each  other  with 
2  feet  3  inches  space  between  them,  and  stayed  together  by  transverse 
plate  stays.  A  transverse  section  of  one  of  the  bucket  frames  is 
shown  in  Fig.  6,  Plate  52.  These  frames  carry  a  series  of  cast  iron 
rollers,  upon  which  the  bucket  links  travel ;  and  a  cast  iron  tumbler 
C  and  HyJ^.  1,  at  the  top  and  bottom  ends,  over  which  the  links 
work.  Each  ladder  is  suspended  at  the  upper  end  by  cast  iron 
dead-eyes,  firmly  bolted  to  the  main  framing  of  the  dredger ;  through 
these  dead-eyes  the  upper  tumbler  shaft  C  passes  freely,  and  round 
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them  the  ladder  turns  in  being  lifted  or  lowered :  thns  the  npper 
tumbler  shaft  C  does  not  bear  anj  part  of  the  weight  of  the  ladder  D. 
The  shaft  C  is  of  wrought  iron,  and  works  in  top  and  bottom 
brass  bnshes  in  pillow  blocks  bolted  to  the  main  framing  of  the 
dredger.  Each  ladder  works  in  a  vertical  well  K,  Figs.  2  and  3, 
passing  through  the  bottom  of  the  vessel. 

There  are  41  buckets  to  each  ladder,  one  of  which  is  shown 
separately  in  Plate  53  ;  Fig.  10  is  a  vertical  section.  Fig.  11  a  plan 
of  the  back,  and  Figs.  12  and  18  transverse  sections  at  the  moni^ 
and  at  the  bottom.  The  buckets  are  constructed  of  5-16ths  inch 
wrought  iron  plates,  bent  and  rivetted,  with  a  flat  back  \  inch  thick, 
upon  which  four  wrought  iron  bars  J  J  are  rivetted,  having  eyes 
at  the  ends.  These  are  connected  together  by  the  two  intermediate 
links  L  L,  3  inches  square,  and  jointed  with  2^  inch  steeled  pins, 
the  whole  forming  a  continuous  chain  with  2  feet  pitch  of  the  links. 
The  pins  are  prevented  from  turning  in  the  eyes  of  the  bucket  links  J, 
which  are  not  steeled,  and  the  eyes  of  the  intermediate  links  L 
are  bushed  with  steel  on  the  wearing  side.  In  another  dredger, 
No.  7,  which  is  the  most  recent  construction,  the  plan  is  adopted 
of  inserting  a  bush  of  hard  steel  5-8ths  inch  thick  into  the  eyes  of 
the  single  links  L,  while  they  are  hot ;  and  when  worn  this  bush  is 
driven  out  and  another  inserted,  so  that  the  eyes  of  the  links  do  not 
wear  at  all.  The  mouth  of  the  bucket  is  made  1^  inch  thick  at  the 
point,  tapered  to  ^  inch  at  the  sides,  and  is  faced  on  the  outside 
with  steel  ^  inch  thick  welded  on  the  plate,  as  shown  by  the  darker 
section  in  Figs.  10  and  12 ;  the  mouth  is  shaped  in  a  projecting 
scoop  form,  for  excavating  and  lifting  the  material  dredged,  as  each 
bucket  in  Succession  passes  under  the  bottom  tumbler  H  of  the 
ladder,  Figs.  1  and  3. 

The  depth  of  excavation  of  the  buckets  is  regulated  by  the 
lifting  chain  M,  Fig.  1,  Plate  49,  attached  to  the  lower  end  of  the 
bucket  frame  D,  and  hoisted  at  the  rate  of  about  26  feet  per  minute 
by  the  windlass  or  hoisting  barrel  N,-  which  is  driven  by  a  small 
shaft  from  the  engine  through  a  clutch  box  and  friction  wheel, 
similar  to  those  giving  motion  to  the  buckets  and  also  worked 
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bj  a  lever  upon  deok.  The  depth  of  dredging  is  continuallj  ganged 
dnring  work  bj  a  man  stationed  at  the  bncket  well  K  holding  a 
ganging  rod  resting  on  the  river  bottom,  and  having  the  lifting 
lever  at  hand  and  also  a  break  handle  for  lowering  the  bncket 
frame,  so  as  to  keep  the  buckets  constantly  adjusted  to  a  uniform 
depth  of  cut,  according  to  the  surface  of  the  ground.  A  self- 
indicating  gauge  has  also  been  fitted  up  on  deck,  so  that  the  captain 
b^  glancing  at  the  position  of  the  bucket  frame  may  in  an  instant  tell 
at;  what  depth  below  the  sur&ce  of  the  water  the  points  of  the  buckets 
are  working.  The  greatest  depth  the  dredger  can  work  at  is  about 
28  feet. 

The  forwaoxL  motion  for  the  cutting  of  the  buckets  is  given  by  the 
bow  chain  O,  Plates  49  and  50,  which  is  1  inch  diameter,  attached  to  a 
single-fluked  anchor  weighing  12  cwts.  placed  about  600  feet  ahead 
of  the  dredger  when  at  the  commencement  of  a  cut.  The  chain  is 
hauled  in  with  a  slow  motion  by  the  windlass  P,  driven  by  a  second 
Bmall  shaft  from  the  engine  through  a  clutch  box  and  friction 
wheel,  and  having  a  set  of  change  wheels  for  the  purpose  of 
regidating  the  rate  of  advance  according  to  the  nature  of  the 
material  that  is  being  excavated.  This  rate  of  advance  varies 
from  about  4^  feet  per  minute  in  soft  sand  to  1^  feet  per  minute  m 
hard  material.  The  dredging  is  done  in  parallel  cuts  of  about 
120  &et  length.  A  corresponding  windlass  with  two  mooring 
chains  B  at  the  stem  of  the  vessel  gives  the  means  of  dravring  back 
the  dredger  to  commence  a  second  line  of  excavation  parallel  to 
the  former  one ;  this  windlass  is  driven  by  a  small  high  pressure 
donkey  engine  with  a  pair  of  12  inch  cylinders,  the  dredging 
engine  and  machinery  standing  still  during  the  time  occupied  in 
going  astern,  which  is  about  15  n^unutes,  the  speed  being  about 
8  feet  per  minute.  The  two  side  warp  lines  S  S,  Fig.  2,  extending 
from  each  side  of  the  dredger,  serve  to  steady  it  constantly  during 
the  progress  of  each  cut,  and  to  shift  its  position  into  the  new  line 
of  excavation ;  they  are  worked  by  the  surging  heads  T  T,  driven  by 
the  engine,  or  by  hand  power  when  required.  The  kedge  anchors 
for  these  side  warps  are  placed  forwards  of  the  dredger,  so  that  the 
warp  lines  shall  be  somewhat  in  the  position  shown  in  the  plan, 
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Fig.  2,  when  the  dredger  is  at  the  commencement  of  a  cut ;  the 
warps  are  also  passed  rojind  leading  blocks  when  required,  fiinoe 
it  is  desirable  they  shonld  be  as  nearly  at  right  angles  to  tbe 
dredger  as  possible.  The  two  warps  on  the  side  next  the  sailing 
channel  of  the  river  are  lowered  or  slacked  ont  when  any  vessel  is 
passing,  but  are  immediately  tightened  up  again  when  the  vessel 
has  passed. 

This  dredger,  No.  6,  has  now  been  at  work  for  nine  years,  and 
has  not  reqtdred  any  repairs  excepting  for  the  wear  and  tear  of  the 
btickets,  links,  and  rollers,  and  the  nsoal  repairs  on  the  hoU,  die 
The  upper  tumbler  however,  having  been  found  too  low  to  allow  of 
the  shoot  being  placed  at  a  sufficient  height  and  slope  for  loading 
the  large  screw  hopper  barges,  was  raised  2^  feet  higher.  The 
steeled  mouths  of  the  buckets  last  for  the  year's  work  of  about  nine 
months,  when  the  buckets  require  to  be  thoroughly  overhauled  and 
put  in  repair.  The  pins  and  links  of  the  bucket  chains  last  generallj 
about  four  months,  and  are  replaced  from  time  to  time  as  required ; 
a  supply  of  duplicates  being  kept  ready  on  board  for  the  purpose. 
The  rollers  over  which  the  buckets  travel  in  ascending  the  dredging 
ladder  are  of  cast  iron,  1  inch  thick  in  the  barrel,  with  wrought 
iron  spindles,  having  H  inch  journals  laid  with  steel,  which  lasts 
about  three  months  before  being  worn  out ;  these  run  in  small  cast 
iron  steps  with  hard  wood  caps,  fixed  on  the  top  flange  of  the 
ladder,  which  are  readily  renewed  when  worn  out,  the  cast  iron 
bush  lasting  about  two  months,  and  the  wood  cap  about  nine 
months.  Each  bucket  weighs  6^  cwts.,  and  the  total  weight  of  each 
set  of  buckets  and  links  is  about  7J  cwts.  The  cubic  content  of 
each  bucket  is  3f  cubic  feet,  and  the  average  quantity  of  material 
brought  up  by  each  when  working  in  sand  is  about  2  cubic  feet. 
The  number  of  buckets  discharged  per  minute  is  13  to  14  at  the 
regular  speed  of  about  6|  revolutions  per  minute  of  the  tumUer 
shaft. 

The  total  quantity  of  material  raised  per  day  of  10  working  hours 
varies  very  much  according  to  the  nature  of  the  material  dredged. 
Where  the  dredger  No.  6  is  at  present  working,  about  1 J  mile  below 
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the  rirer  Leven,  the  rate  of  working  is  150  tons  per  hour  of  the  engine ; 
wBile  in  bard  ground  the  quantity  may  perhaps  be  only  one  half  of 
this.  Taking  tb^  entire  work  performed  by  this  machine  during 
last  year,  namely  303,957  tons  in  2680  engine  honrs,  the  average 
work  for  a  day  of  10  engine  hours  is  1134  tons,  or  113J  tons  per 
hour.  The  total  quantity  of  material  lifted  by  the  two  large 
dredging  machines  Nos.  1  and  6  dui*ing  the  year  ending  30th  June 
1864  amounts  to  386,752  cubic  yards,  of  which  about  250,000  cubic 
yards  may  be  considered  as  due  to  maintenance,  and  the  remainder 
to  the  permanent  widening  and  deepening  of  the  channel. 

The  cost  of  dredging  per  cubic  yard,  taking  the  year  ending 
30th  June  1863,  as  performed  by  No.  1  dredger,  was  as  follows,  the 
dredged  material  being  conveyed  away  by  the  punts : — 

Wages,  coals,  stores,  repairs,  and  5  per  cent,  interest    8*02  pence. 

Bepairs  of  punts ,    .    1'69      „ 

Towing  pnnts  to  and  from  place  of  deposit ....    2*28      „ 
Discharging  punts  by  wagons 12*29      ,, 

Total  cost  of  dredging  per  cnbio  yard    .     .     .  19*18      „ 

The  cost  of  dredging  as  performed  by  No.  6  dredger  during 
the  same  period,  with  the  screw  hopper  barges  for  carrying  away 
the  material,  was  as  follows : — 


Wages,  coals,  stores,  repairs,  and  5  per  cent,  interest    4*06  pence. 
Disohai^ging  by  hopper  barges — 
Wages,  coals,  stores,  repairs,  and  interest 


].     .     .    2-30 


Total  cost  of  dredging  per  cubic  yard  .     .     .    6'36      „ 

During  this  year  No.  6  dredger  was  working  near  the  two  extreme 
ends  of  the  river ;  and  as  during  one  half  of  the  time  it  was  attended 
by  only  two  hopper  barges  in  place  of  fotir,  for  discharging  the 
material,  much  time  was  necessarily  lost.  This  has  since  been 
rectified  by  the  construction  of  additional  barges. 

The  dredged  material  is  disposed  of  according  to  two  different 
modes.  That  filled  into  the  10  ton  punts  is  towed  down  to  some 
convenient  part  of  the  river,  and  discharged  by  barrows  or  wagons 
on  to  the  banks  or  fields  adjoining.    That  put  into  the  screw  hopper 
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barges,  shown  in  Plates  54  and  55,  is  canied  down  to  Locli  Long, 
beyond  the  month  of  the  Clyde,  and  deposited  by  opening  the  hopper 
doors  XT  at  the  bottom  of  the  canying  spaoe  W,  as  shown  by  the 
dotted  lines  in  Plate  55.  At  the  place  where  the  deposit  is  made,  the 
water  is  npwards  of  200  feet  deep,  and  the  month  of  the  loch  is 
about  27  miles  below  Glasgow ;  the  hopper  barges  at  present  at  work 
contain  each  300  tons  of  dredgings,  and  steam  from  8  to  9  miles  per 
hoar.  This  latter  mode  is  by  fiir  the  most  economical  way  of 
disposing  of  the  dredged  material,  as  seen  by  the  aboTe  statement 
of  the  cost  by  the  two  methods;  and  the  result  has  been  bo 
satis&ctory  that  two  additional  barges  are  now  being  oonstmcted, 
each  to  be  capable  of  carrying  400  tons,  Tnft.TriTtg  eix  barges  in  all. 
Fig.  15,  Plate  55,  shows  the  hopper  barge  being  filled  by  tiie 
spout  y  from  the  dredger. 

In  conclusion  it  may  be  mentioned  that  a  larger  and  more 
powerftil  single  dredger,  shown  by  the  accompanying  model,  is  now 
being  constructed  for  the  Clyde  Trust  by  Messrs.  A.  and  J.  Inglia, 
of  Glasgow.  The  dimensions  of  this  dredger  will  be:  extreme 
length  157  feet,  extreme  breadth  29  feet,  depth  10  feet  9  mches, 
and  bucket  frame  capable  of  working  in  upwards  of  30  feet  depth 
of  water.  The  engine  will  be  honzontal,  with  cylinder  44  inches 
diameter  and  adapted  for  a  3  feet  stroke :  the  boiler  will  be  tahohr 
and  capable  of  working  to  25  lbs.  pressure  per  square  inch  above  the 
atmosphere.  The  buckets  will  be  39  in  number,  discharging  oyer 
the  side ;  the  pitch  of  the  bucket  chain  will  be  30  inches,  and  each 
bucket  when  quite  Ml  will  contain  13|  cubic  feet.  The  flat  bucket 
back  with  the  double  links  will  be  made  of  malleable  cast  iron  with 
the  links  cast  solid  ttpon  it :  this  construction  has  been  found  to  last 
without  requiring  repair  for  more  than  double  the  time  of  the 
ordinary  backs  with  rivetted  links,  shown  in  Plate  53.  The  bucket 
rollers  will  not  require  spindles,  as  they  will  have  necks  cast  on  the 
ends  of  the  rollers,  which  will  answer  for  the  spindles.  The  lower 
tumbler  shaft  will  be  of  wrought  iron  having  strong  rings  or  hoope 
at  the  journals,  so  that  when  worn  the  hoops  can  be  easily  removed 
and  replaced.  The  only  other  difference  of  any  consequence  from 
the  present  dredgers  will  be  in  using  grooved  frictional  gearing  for 
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driving  the  lioistiiig  barrel  that  lifts  the  dredging  ladder,  instead 
of  spur  gearing  with  a  friction  wheel  as  previonsly  described.  The 
total  cost  of  the  dredger  will  be  about  £17,000,  and  it  is  expected 
to  be  ready  early  in  March  next 


Spedmens  were  exhibited  of  the  dredger  backets  and  links, 
and  the  backet  rollers  and  bearings,  Ac,  both  new  and  worn  out, 
together  with  samples  of  the  material  raised  in  dredging ;  and  also 
models  of  the  dredger  and  of  the  screw  hopper  barge. 

Mr.  W.  SiMOKS  said  he  had  boilt  the  screw  hopper  barges  that 
were  osed  in  connection  with  the  Clyde  dredgers,  and  it  was  only 
within  the  last  two  years  that  they  had  been  adopted :  previonsly 
850  of  tke  sqoare  pants  had  been  reqaired  to  carry  away  the 
dredged  material,  bat  foar  of  the  barges  now  did  the  work  of  the 
120  pants  formerly  attending  one  dredger.  Each  barge  carried 
300  tons,  and  was  120  feet  long,  24  feet  beam,  and  drew  8^  feet  of 
water  when  loaded ;  the  engine  was  40  horse  power  with  21  inches 
stroke,  driving  a  screw  7  feet  diameter,  and  the  speed  was  the  same 
whether  loaded  or  empty,  amoanting  to  9  miles  per  hoar.  The 
Clyde  trastees  contemplated  abolishing  the  old  pants  altogether  and 
employing  only  the  screw  hopper  barges  for  removing  the  material 
dredged.  The  barges  were  loaded  in  aboat  70  minates,  and  ran  down 
the  river  and  np  Loch  Long  to  a  distance  of  about  50  miles  from 
Glasgow,  where  the  whole  of  the  dredged  material  was  discharged 
through  the  flap  doors  in  the  bottom.  Hydraulic  gearing  was  used  to 
dose  and  open  the  bottom  flap  doors  in  two  of  the  barges,  and  in  the 
others  a  common  windlass  had  been  applied,  which  had  been  found  to 
work  better.  The  total  expenses  of  working  the  dredgers  and  barges 
were  about  £2  bs,  per  day,  including  wages,  fuel,  oil,  and  tallow ; 
and  the  result  of  employing  the  screw  hopper  barges  had  been  to 
reduce  the  cost  of  dredging  from  about  1«.  per  ton  of  material 
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when  the  punte  were  used  to  onlj  4d.  per  ton  with  the  barges, 
making  a  saving  of  between  £19,000  and  £20,000  per  amuun. 

By  this  system  of  dredging  it  might  indeed  be  possible,  he 
thought,  to  form  an  inland  town  into  a  seaport,  snch  as  Preston, 
Lancaster,  Manchester,  or  Fans,  where  there  was  already  an  outlet 
into  the  sea  for  carrying  away  the  dredged  material ;  all  that  was 
required  wonld  be  dredgers  and  barges  of  sufficient  power  and 
capacity  for  the  quantity  of  work  to  be  done,  since  the  double 
dredgers  now  at  work  in  the  Clyde  raised  each  about  1100  tons  per 
day  in  regular  continuous  work,  as  stated  in  the  paper.  About  the 
year  1800,  when  the  depth  of  the  river  at  Glasgow  was  only  about 
3  feet  at  high  water,  the  annual  revenue  from  ships  coming  up  the 
Clyde  was  only  £3320;  but  in  1825,  when  the  river  had  been 
deepened  by  dredging  to  12  feet,  allowing  vessels  of  300  tons 
burthen  to  come  up,  the  revenue  had  increased  to  £9000;  while 
in  1863,  with  the  depth  increased  to  22  feet  at  high  water,  the 
revenue  amounted  to  £118,000,  and  the  river  was  deep  enough 
to  float  the  "  Black  Prince "  armour-plated  frigate  of  6000  tons 
burthen,  built  by  the  President,  the  largest  ship  that  had  yet  been 
launched  in  the  Clyde. 

The  President  enquired  how  long  it  took  to  discharge  the 
hopper  barges  through  the  bottom  flap  doors,  and  how  the  doors 
were  arranged  to  be  opened. 

Mr.  W.  SiMOiirs  replied  that  only  4  or  5  minutes  were  required 
to  discharge  the  whole  300  or  320  tons  of  material  carried  by  the 
hopper  barge.  There  were  twelve  doors  or  six  pair  at  the  bottom, 
hinged  to  the  iron  hopper,  and  lined  inside  with  timber ;  and  the 
doors  were  let  down  for  discharging  by  releasing  the  chains  that 
held  them  up  while  the  hopper  was  frill*  The  chains  passed  over 
pulleys  in  the  longitudinal  iron  girder  which  extended  over  the 
hopper  from  end  to  end. 

The  Presidbnt  enquired  what  part  of  Loch  Long  the  material 
was  deposited  in. 

Mr.  W.  Simons  said  the  barges  were  not  confined  to  Loch  Long 
in  particular  for  depositing  the  material,  but  might  go  to  a  greater 
distance  fr*om  Glasgow  if  necessary.     Loch  Long  had  been  chosen 
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because  it  was  the  deepest  part  of  the  channel  near  Glasgow,  the 
depth  being  about  200  feet  over  a  considerable  portion  of  the  loch, 
and  the  material  conld  be  deposited  at  any  part  of  the  loch. 

Mr.  W.  E.  Newton  remarked  that  a  dredging  machine  on  a 
different  principle  had  been  nsed  very  successfolly  in  different  parts 
of  the  United  States  for  many  years,  consisting  of  a  large  bucket 
fixed  at  the  end  of  a  long  lever  worked  by  chains ;  the  bucket  was 
lowered  and  dragged  along  the  river  bottom  to  fill  it,  and  was  then 
lifted  by  the  lever,  and  swung  round  horizontally  to  the  required 
position  for  discharging  the  stuff,  which  was  let  fall  through  a  door 
in  the  bottom  of  the  bucket  into  the  barge  beneath.  The  bucket 
raised  about  26  cubic  feet  of  soil  at  each  stroke  on  an  average. 
That  appeared  to  him  a  simpler  contrivance  than  the  dredging 
machines  ordinarily  used  on  this  country,  such  as  those  described  in 
the  present  paper;  it  was  at  any  rate  much  less  expensive,  and 
allowed  of  swinging  the  bucket  round  into  any  position  required  for 
discharging  into  the  barge,  whereas  with  the  ordinary  dredging 
machines  the  barge  had  to  be  brought  to  a  particular  place  for 
receiving  the  stuff  from  the  spout  of  the  dredger.  The  gearing  for 
working  the  lever  was  driven  by  a  self-acting  Motion  clutch 
somewhat  similar  to  that  described  in  the  paper,  except  that  in 
the  American  machine  the  inner  or  driving  pulley  was  surrounded 
by  a  bridle  provided  with  friction  blocks,  which  were  tightened 
against  the  pulley  when  running  forwards,  but  slackened  in  running 
backwards ;  so  that  the  clutch  simply  held  on  in  working,  and  was 
not  limited  to  slip  when  the  resistance  exceeded  a  certain  amount, 
but  would  transmit  the  whole  power  of  the  driving  machinery,  its , 
only  purpose  being  to  avoid  breakage  from  sudden  jerks  and  to 
release  itself  for  running  backwards.  He  had  seen  a  machine 
on  that  principle,  known  as  the  "American  excavator,"  used 
experimentally  some  years  ago  on  the  Eastern  Counties  Railway 
in  the  neighbourhood  of  Brentwood,  for  excavating  a  cutting, 
and  all  the  gearing  in  it  was  worked  with  friction  clufcches 
of  the  same  kind.  That  description  of  clutch  was  indeed  much 
used  in  America  for  all  sorts  of  machinery,  and  was  found  very 
economical  and  effective  in  preventing  breakages,  by  allowing  the 
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gearing  to  yield  under  ftnj  undue  strain.  He  had  nerer  known  it 
fiiil  in  transmitting  the  fall  driving  power,  and  thonght  it  would 
have  some  advantage  over  the  friction  wheel  descrihed  in  the 
paper. 

Mr.  H.  Maudblat  enqnired  whether  the  fiiction  wheel  in  the 

dredger  described  in  the  paper  was  fonnd  effectoal  in  work,  hy 

always  slipping  whenever  the  backets  came  into  too  hard  ground 

or  took  too  deep  a  scoop  into  the  soil,  or  met  with  any  other 

'  obetmotion. 

The  Segbbtabt  said  he  had  seen  the  dredger  at  work  in  the 
Clyde,  and  the  friction  wheel  was  fonnd  to  answer  its  pnrpoee 
thoroughly.  The  screws  of  the  friction  blocks  were  adjnsted 
originally  to  the  pressnre  required  for  the  ordinary  working,  and 
then  oontumed  unaltered,  without  requiring  any  frurther  attention 
in  working.  He  had  seen  the  bucket  frame  lowered  slightly  below 
the  proper  working  position,  causing  the  buckets  to  bite  gradually 
deeper  in  the  bed  of  the  river,  until  the  resistance  was  just  sufficient 
to  overcome  the  friction  of  the  blocks,  when  the  buckets  stopped 
while  the  driving  pulley  or  ring  continued  to  revolve  outside  the 
faction  wheel ;  but  on  slowly  raising  the  bucket  frame  again,  the 
friction  wheel  gradually  started  again  as  the  resistance  diminished, 
and  the  whole  worked  with  complete  smoothness  and  readiness. 
The  engineer  working  the  dredger  stated  that  the  friction  whed 
had  given  no  trouble,  and  there  had  not  been  any  difficulty  in 
keeping  it  adjusted  exactly  to  the  point  desired  for  working.  The 
same  kind  of  friction  clutch  was  also  applied  to  the  lifting  gearing 
by  which  Hie  end  of  the  bucket  frame  was  raised  and  lowered ;  so 
that  all  portions  of  the  machinery  were  started  and  stopped  quite 
gradually,  the  friction  gear  being  continually  called  into  action  to 
meet  the  irregularities  in  the  level  and  noaterial  of  the  bed  of  the 
river  and  prevent  any  straining  of  the  machinery. 

Mr.  J.  Shsphebd  asked  whether  the  material  raised  by  the 
dredgers  was  used  for  agricultural  purposes,  as  a  manure,  and 
whether  it  had  any  commercial  value  for  such  purposes,  since  it 
appeared  the  sewage  of  Glasgow  was  all  discharged  into  the  Clyde 
and  would  therefore  be  deposited  in  the  bed  of  the  river. 
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The  President  replied  that  the  quantity  of  sewage  matter 
deposited  in  the  river  bed  formed  so  very  small  a  proportion  of  the 
quantity  of  material  raised  by  the  dredgers,  that  it  had  never  been 
thought  to  apply  it  as  a  manure,  and  it  had  no  commercial  value 
for  such  a  purpose. 

In  reference  to  the  American  dredger  that  had  been  referred  to, 
a  somewhat  similar  apparatus  was  occasionally  used  on  the  Clyde 
at  the  present  time  in  dredging  alongside  the  wharfs  in  the  harbour, 
consisting  of  a  rake  or  plough  fixed  on  the  end  of  a  long  pole,  which 
was  worked  from  the  bank  by  a  number  of  men,  or  from  a  punt  on 
the  river,  and  was  moved  along  the  edge  of  the  wharfs  for  clearing 
out  the  material  from  the  face  of  the  quay  and  removing  it  within 
reach  of  the  dredger,  in  cases  where  the  dredger  could  not  be 
conveniently  worked  close  alongside. 

Mr.  J.  J.  BiRCKEL  observed  that  the  depth  of  13  feet  at  low  water 
in  the  Clyde  at  Glasgow  and  22  feet  at  high  water  would  give  a 
tidal  fell  of  only  9  feet ;  and  he  enquired  whether  that  was  the 
actual  tidal  fall  at  Glasgow,  since  at  Liverpool,  on  the  same  coast, 
the  tidal  fall  was  as  much  as  82  feet.  He  asked  also  whether  there 
was  not  a  risk  of  some  portion  of  the  material  deposited  in  Loch  Long 
being  brought  back  into  the  river  by  the  tides,  as  the  loch  was  so 
close  to  the  mouth  of  the  Clyde :  in  the  case  of  the  Mersey  no 
deposit  was  aDowed  to  be  made  at  any  part  of  the  approaches  to  the 
river,  for  fear  of  interfering  with  the  channel. 

The  President  explained  that  there  were  so  many  arms  of  the 
sea  to  fill  near  the  mouth  of  the  Clyde,  and  so  many  bends  in  the 
river  itself,  that  the  tidal  wave  did  not  come  up  to  Glasgow  in  the 
same  quantity  as  in  the  Mersey ;  and  the  rise  and  fall  at  Glasgow 
averaged  therefore  from  7  to  9  feet  only,  very  seldom  more.  Loch 
Long  was  a  blind  arm  of  the  sea,  with  no  outlet  at  the  further  end,  and 
no  navigation  through  it,  and  there  was  very  little  tide  in  it :  and 
M  it  was  about  200  feet  deep  where  the  barges  were  discharged, 
there  did  not  appear  any  probability  of  any  portion  of  the  deposit 
being  carried  back  by  the  tide. 

From  the  paper  that  had  been  read  it  was  obvious  that  the 
dredging  machines  employed  in  the  Clyde  had  been  productive  of 
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very  remarkable  aldvantages'  to  Glasgow.  'From '  a  depth'  of  mter 
of  only  about  3  feet  at  tbe'begiiming  ^f  the  present  ooitsryjthe 
river  bed  had  now' been  deepened  to  .about  22  leetat  G}a8go>irii; 
high  water  within  the  space  of  dbont-  63  years.  •  Bnti  it  was  ODOfr  the 
introdnction  of  steam  navigation  into  the  Clyde 'that  the  greatest 
part  of  this  improvement  had  taken  place.  The  steam-  togs  dnvring 
vessels  np  and  down  theriver'first'ledto  tiie.  rapid  deepeoiig  of  the 
bed  by  dredging ;  and  timrthe  increase  of  revenno arising  frcm^ 
larger  burthen  of  the  Tessels  tradiog'  toLGlaagow  •aiffoided  the  mens 
of  increased  expenditure  upon  i^  dredging  operatioBsitkoflbotii 
the  depth  of  the  river  and  the  tMLvaaitageB'to  ihe  etfy  went  on 
increasinig  simtdtaneously . 

"He  moved  a  vote  of  thanks' to  Mr.  'Buncan  for^his  pi^,  wiiidi 
was  passed. 


The. foUo wing ;Pfp«r  was  then  read: 
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ON  THE  WORKING  AND  CAPACITY 
OF  BLAST  FURNACES. 


By  Mk.  CHABLES  COOHEANB,  of  Dudley. 


At  a  former  meeting  of  this  Institution  in  1860  the  writer  read 
a  paper  on  a  method  of  taking  off  the  gas  from  a  close-topped 
blast  fnmace  at  the  Ormesby  Iron  Works,  Middlesbrough  (see 
Proceedings  Inst.  M.  E.,  1860,  page  121)  ;  and  the  original 
constraction  of  closed  top  and  lifting  valve  for  charging  is  shown 
in  the  accompanying  Fig.  1,  Plate  56,  the  materials  for  the  charges 
being  filled  into  the  exterior  space  B  surrounding  the  charging 
valve  A,  which  is  drawn  up  into  the  position  shown  by  the  dotted 
lines  for  allowing  the  materials  to  fall  into  the  furnace ;  while  the 
gas  is  taken  off  from  the  furnace  top  by  the  passage  E. 

The  usual  plan  of  closed  top  adopted  in  blast  furnaces  is  that 
represented  in  Fig.  8,  Plate  58,  in  which  it  will  be  seen  that  the 
materials  are  filled  in  against  a  lowering  cone  C,  placed  in  the  throat 
of  the  furnace,  which  on  being  lowered  into  the  position  shown 
dotted  permits  their  fidl  into  the  furnace.  The  tendency  of  the 
material  in  this  case  is  to  roll  outwards  from  the  charging  cone 
to  the  side  of  the  furnace,  and  thence  back  again  to  the  centre, 
as  shown  in  the  drawing. 

It  was  thought  at  the  time  of  adopting  the  plan  shown  in  Fig.  1, 
Plate  56,  that  the  height  of  the  materials  carried  by  the  same 
furnace  would  be  increased,  and  that  a  corresponding  economy  in 
consumption  of  friel  would  result,  owing  to  the  circumstance 
that  where  the  plan  shown  in  Fig.  3  is  adopted  the  level  of  the 
materials  must  always  be  maintained  at  a  certain  distance  below 
the  top,  to  ensure  the  fall  of  the  cone  C  at  charging  time.  The  plan 
shown  in  Fig.  1  was  devised  with  due  regard,  as  it  was  thought, 
to  the  arrangement  of  the  materials  in  the  furnace ;  and  it  was 

A  2 
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intended  that  tliey  should  arrange  themselves  as  shown  by  the 
dotted  line  in  that  drawing,  part  of  the  larger  material  rolling  to 
the  outside  of  the  ftimace  and  part  to  the  centre. 

As  long  as  the  furnace  could  be  kept  so  Ml  as  to  ensure  the 
arrangement  of  materials  shown  bj  the  dotted  line  in  Fig.  1,  there 
was  no  reason  that  it  should  not  work  uniformly ;  but  the  practical 
result  was  that  it  was  found  impossible  to  keep  the  furnace  sufficiently 
fuJl  to  secure  the  distribution  of  the  materials  in  the  manner  intended. 
The  level  of  the  surface  of  the  materials  was  general! j  below  that 
intended,  the  consequence  of  which  was  that  the  material  on  fidling 
into  the  famsuce  was  shot  into  the  centre,  from  whence  the  largest 
pieces  rolled  outwards,  and  the  whole  charge  arranged  itself 
as  shown  hy  the  frdl  line  in  Fig.  1.  The  result  of  this  waa 
irregular  working  of  the  furnace  over  a  period  of  manj  months, 
during  which  an  explanation  of  the  irregularity  was  in  vain 
sought  for.  At  one  time  it  was  thought  the  back  pressure  of 
the  escaping  gas  had  something  to  do  with  the  irregnlaritj; 
at  another  the  cause  was  sought  for  in  the  difficulty  of  keeping 
the  hopper  vah^e  A  of  the  furnace  tight,  and  the  necessity 
for  using  small  material  around  the  valve  as  a  kind  of  Into 
between  every  charge  to  prevent  the  escape  of  the  gas:  nntil 
it  occurred  to  the  writer  that  the  arrangement  of  the  materials  in 
the  ftimace  was  the  sofe  explanation  of  the  difficulty,  and  that  as 
all  the  material  was  shot  into  the  centre  of  the  furnace  the  snoall 
pieces  would  remain  there  whilst  the  large  would  roll  to  the 
outside.  Believing  that  it  was  of  great  importance,  in  order  to 
secure  uniform  results,  that  there  should  be  a  uniform  distribution 
of  the  heated  gas  from  the  hearth  over  the  entire  horizontal  area 
of  the  frumace  at  each  stage  of  its  height,  he  considered  that  the 
effect  of  any  small  material  being  collected  in  any  portion  of  the 
area  would  be  to  obstruct  the  passage  of  the  gas  at  that  part,  and 
BO  prevent  that  portion  of  the  material  from  being  heated  to  its 
proper  degree  of  temperature. 

Deeming  this  to  be  the  explanation  of  the  irregularities 
experienced  in  the  working  of  the  furnace,  the  writer  devised  a 
method  of  distributing  the  material  so  as  to  prevent  such  a  result, 
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by  the  introdiLction  of  a  firustum  of  a  cone  D,  Fig.  2,  Plate  57, 
BTispended  inside  the  throat  of  the  furnace,  which  was  found  to  be 
all  that  was  necessary.  The  materials  then  arranged  themselves  in 
the  desired  manner,  as  shown  in  the  drawing ;  and  the  result  has 
flince  been  a  perfect  uniformity  in  the  working  of  the  fiimace. 
Where  previously  a  yield  of  foundry  iron  from  the  same  fdmace 
could  not  be  reHed  upon  for  more  than  about  24  hours  at  a  time, 
ftnd  the  annoyance  was  incurred  of  the  fiimace  suddenly  changing 
to  white  iron,  the  production  of  white  iron  except  when  desired 
is  now  unknown.  A  consideration  of  these  facts  will  lead  to  a  fair 
estimate  of  the  importance  of  the  arrangement  of  the  materials  in 
a  blast  furnace.  Anything  that  opposes  the  free  passage  of  the 
ascending  heated  gas  at  any  part  of  the  fiimace  must  direct  the  gas 
into  another  channel,  and  the  material  thus  left  insufficiently  acted 
upon  finds  its  way  into  the  hearth  at  a  low  temperature,  and  white 
iron  is  the  result. 

The  effect  produced  on  the  distribution  of  material  by  this 
internal  frustum  of  a  cone  is  obviously  similar  to  that  of  the 
ordinary  lowering  cone  when  lowered,  shown  in  Fig.  3,  Plate  58 ; 
and  the  latter  has  now  consequently  been  finally  adopted  at  the 
Onnesby  Iron  Works  as  the  permanent  form  of  the  arrangement, 
and  is  now  being  carried  out  there. 

The  most  perfect  action  of  a  blast  fiimace  the  writer  conceives 
to  consist  in  the  development  of  the  highest  temperature  needed  for 
the  production  of  the  required  quahty  of  iron,  in  a  layer  or  stratum 
as  Httle  removed  from  the  tuyeres  as  possible;  and  the  gradual 
absorption  of  the  heat  frx)m  the  ascending  gas  by  the  materials 
through  which  it  passes,  until  it  leaves  the  throat  of  the  fiimace  at 
the  lowest  possible  temperature.  Anything  which  tends  to  cause  a 
more  perfect  absorption  of  the  heat  developed  in  the  hearth,  or  to 
lower  the  level  of  the  region  of  highest  temperature  in  the  fiimace, 
will  thus  be  beneficial. 

With  regard  to  the  absorption  of  the  heat  from  the  gas,  it  is 
obvious  that  the  hotter  the  temperature  at  which  the  gas  escapes, 
the  more  wastefiil  must  be  the  efiect ;  and  theoretically  the  height 
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of  a  fiimace  should  be  increased  until  the  temperature  of  the 
escaping  gas  is  reduced  to  that  of  the  materials  on  their  introduction 
into  the  furnace  top.  This  is  the  theoretical  limit  to  the  height  of 
a  blast  furnace:  but  it  must  not  be  forgotten  that  the  less  the 
difference  in  temperature  between  two  bodies,  the  less  rapid  is  the 
communication  of  heat  from  the  hotter  to  the  cooler ;  hence  for  the 
absorption  of  the  last  few  degrees  of  temperature  from  the  ascending 
gas  a  much  greater  height  of  material  is  necessary  than  where  the 
gafi  and  the  material  differ  more  widely  in  temperature.  Already 
with  50  to  60  feet  height  of  blast  furnace  in  the  Middlesbrough 
district  the  temperature  of  the  escaping  gas  does  not  exceed 
SOO**  to  600**  Fahr.;  and  it  is  a  question  to  be  answered  onlyhy 
experiment  how  far  the  gain  from  the  heights  of  70  to  75  feet 
already  accomplished  at  Middlesbrough,  and  further  heights  of 
10  or  20  feet  additional  that  are  contemplated,  will  compensate  for 
the  extra  work  in  raising  the  materials  to  the  additional  height  and 
for  the  more  substantial  plant  required.  In  the  direction  of  height 
there  is  unquestionably  on  this  account  a  limit  which  will  speedily 
be  attained ;  supposing  the  limit  be  not  previously  determined  by 
the  necessity  for  increased  pressure  of  blast  and  by  the  increased 
difficulty  in  working  the  furnaces. 

As  regards  the  benefit  produced  in  the  working  of  a  furnace  by 
lowering  the  level  of  the  region  of  highest  temperature,  it  is  evident 
that  this  benefit  is  of  the  same  nature  as  in  the  previous  case,  since 
the  lowering  of  that  level  is  equivalent  to  an  increase  in  the  height 
of  the  furnace.  The  level  of  the  region  of  highest  temperature  ifl 
dependent  upon  the  heat  of  the  blast,  and  is  brought  down  nearer 
to  the  tuyeres  only  by  using  a  hotter  blast:  and  in  the  writer's 
opinion  the  chief  source  of  economy  yet  to  be  attained  in  the  working 
of  blast  furnaces,  independent  of  the  more  extended  application  of 
the  waste  gas,  lies  in  the  use  of  blast  heated  to  a  still  higher 
temperature  than  that  hitherto  known.  The  yield  of  iron  from 
any  ironstone  is  governed  by  the  percentage  of  iron  it  contains, 
and  the  consumption  of  limestone  by  the  nature  of  the  ironstone: 
and  both  these  are  therefore  fixed  quantities  for  the  special 
materials  employed.     But  that  is  not  the  case  with  the  coke,  which 


Digitized  by  VjOOQ  IC 


BLAST  FURNACES.  167 

offers  a  frnit^l  source  of  saying ;  and  in  what  way  therefore  this 
saving  is  effected  hj  increased  temperature  of  the  blast  becomes  a 
most  important  question,  involving  as  it  does  the  general  theory  of 
hot  blast. 

It  appears  to  the  writer  that  in  order  to  explain  the  effect  of  the 
hot  blast  it  is  necessary  to  regard  the  nitrogen  of  the  atmosphere 
and  the  generated  carbonic  oxide  as  the  great  heat  "  carriers  "  in 
the  operations  of  the  blast  ^rnace.  This  consideration  involves 
two  others :  namely  the  time  required  for  heating  the  nitrogen  from 
its  initial  temperature  at  entering  the  fdmace  up  to  that  needed  for 
the  fusion  of  the  materials  in  the  frimace  ;  and  also  the  method  by 
which  the  gases  are  heated.  Taking  it  for  granted  that  the  colder 
and  consequently  the  denser  pure  oxygen  is  the  more  intense  is  the 
combustion  of  any  body  burning  in  it,  there  is  evidently  no  necessity 
for  heating  this  constituent  of  the  atmosphere.  It  is  farther  obvious 
that  supposing  3000°  Fahr.  be  the  temperature  required  for  the 
fusion  of  the  materials  on  their  reaching  the  hearth,  then  every 
pound  of  the  nitrogen  introduced  by  the  blast  must  be  raised  to 
that  temperature  before  the  fusion  can  take  place. 

Now  in  a  cold-blast  furnace  the  nitrogen  is  introduced  at  the 
lowest  temperature,  and  requires  necessarily  the  longest  time  for 
being  raised  to  the  requisite  temperatui^ :  hence  the  maximum 
temperature  in  the  furnace  is  produced  at  a  higher  level,  and 
diffused  over  a  larger  portion  of  the  furnace  where  it  is  not  wanted ; 
and  it  is  consequently  impossible  in  some  cases  ever  to  get  the 
temperature  sufficiently  high  at  any  part  of  the  furnace  to  produce 
more  than  the  qualities  of  iron  known  as  forge  iron.  In  proof  of 
this  may  be  mentioned  an  attempt  made  some  years  ago  at  the 
Ormesby  Iron  Works,  Middlesbrough,  to  produce  cold-blast  iron 
of  a  gray  or  foundry  quality.  It  was  in  vain  however  that  the 
burden  of  ironstone  was  reduced,  that  is  the  proportion  of  coke 
increased :  the  temperature  of  the  hearth  could  not  be  sufficiently 
raised  to  produce  any  other  quality  than  forge  iron,  the  effect  of 
the  reduced  burden  being  only  to  throw  an  increased  temperature 
into  higher  regions  of  the  furnace.     The  attempt  was  consequently 
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abandoned ;  not  however  nnidl  it  became  obvious  that  the  burden 
might  have  been  still  further  diminished  with  only  the  effect  of 
diffusing  the  hottest  temperature  into  still  higher  regions  of  the 
furnace. 

Whatever  heat  is  imparted  to  the  nitrogen  of  the  atmospliere 
and  also  to  the  carbonic  oxide  generated  in  the  ftimace  is  of  conrse 
delivered  up  again  to  the  materials  in  the  fiimace,  excepting  only 
the  portion  lost  by  the  temperature  at  which  the  gas  escapes  at 
the  throat  of  the  furnace.  The  effect  of  heating  the  nitrogen  before 
its  entrance  into  the  furnace  now  becomes  more  clear.  It  bad  a 
shorter  distance  to  travel  up  within  the  furnace  before  the  maTi'Tmnn 
temperature  is  attained,  for  the  simple  reason  that,  having  been 
partly  heated  already,  it  requires  less  time  to  become  further  heated 
to  the  temperature  required  in  the  furnace,  having  got  the  start 
by  the  amount  of  its  initial  temperature.  Hence  the  ftising  heat 
is  generated  nearer  to  the  tuyeres ;  and  this  circumstance,  together 
with  the  smaller  expansion  of  hot  blast  compared  with  cold  blast  on 
entering  the  Aimace,  seems  to  Ornish  a  satis&ctory  explanation 
of  the  more  immediate  effect  of  heated  air  in  preventing  diffusion 
within  the  ^imace  of  the  region  of  highest  temperature. 

As  to  the  method  of  heating  the  nitrogen,  it  must  be  borne  in 
mind  that  the  heat  generated  in  a  blast  furnace  is  obtained  wholly 
or  nearly  so  by  the  imperfect  combustion  of  the  carbon  of  the  coke 
into  carbonic  oxide  as  the  final  result,  a  process  by  which 
theoretically  only  about  one  fourth  the  total  quantity  of  heat  is 
developed  that  would  be  obtained  by  the  perfect  combustion  of  the 
same  carbon  into  carbonic  acid,  showing  a  loss  in  the  fuel  of 
about  75  per  cent,  of  heat ;  since  1  lb.  of  carbon  burnt  into 
carbonic  oxide  develqpes  only  2880  units  of  heat,  whilst  1  lb.  of 
carbon  burnt  into  carbonic  acid  developes  about  11700  units  of  heat. 
For  although  the  combustion  of  the  carbon  of  the  coke  in  the  blast 
ftimace  is  partially  or  wholly  into  carbonic  acid  so  long  as  the 
supply  of  oxygen  is  in  excess,  this  condition  applies  only  to  the 
lower  portion  of  the  furnace  nearest  the  tuyeres ;  and  this  carbonic 
acid  becomes  ultimately  reduced  to  carbonic  oxide  by  passing 
through  the  excess  of  carbon  in  the  mass  of  incandescent  coke 
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occupying  the  upper  portion  of  the  furnace.  If  therefore  the 
nitrogen  be  heated  partially  or  wholly  before  entering  the  furnace, 
by  any  means  involving  the  perfect  combustion  of  the  fuel 
employed  into  carbonic  acid,  it  follows  that  a  large  saving  in 
fad  must  necessarily  result;  and  to  give  an  idea  of  the  real 
influence  of  the  nitrogen  of  the  atmosphere  on  the  consumption 
of  fa.e\  in  the  blast  furnace,  the  writer  has  endeavoured  to  express 
numericaJly  the  effects  produced  by  taking  three  different  cases  of 
the  blast  entering  the  furnace  at  the  various  temperatures  of 
50"*,  660®,  and  1150**  Fahr.  respectively.  It  is  assumed  that  the 
air  has  to  be  heated  within  the  furnace  to  3000**  Fahr.  in  each  case ; 
that  1  lb.  of  carbon  burnt  into  carbonic  oxide  will  develope  2880 
units  of  heat,  that  is,  will  raise  2880  lbs.  of  water  through  1®  Fahr. ; 
and  that  the  specific  heat  of  air  is  '275,  compared  with  that  of 
water  as  I'OOO.  It  is  further  assumed  that  4500  cubic  feet  of 
blast  enter  the  furnace  per  minute ;  and  as  1000  cubic  feet  weigh 
76  lbs.,  the  weight  of  blast  entering  the  furnace  per  minute  will  be 
342  lbs.,  77  per  cent,  of  which  or  263  lbs.  weight  is  nitrogen. 

In  the  three  cases  cited  it  will  be  seen  that  the  work  to  be 
done  within  the  i^imace  is  to  raise  the  temperature  of  the  air 
through 

2950''  in  the  first  case, 

2350''  in  the  second, 

ISSO"*  in  the  third. 

In  the  first  case,  namely  to  heat  263  lbs.  of  nitrogen  through 
2950®,  there  will  be  required 

263  X  2950  X -275    ^ .  „        .      ^ 

2ftR0 ~  carbon  per  niinnte. 

In  the  second  case,  namely  to  heat  263  lbs.  of  nitrogen  through 
2350®,  there  will  be  required 

263x2360x-276     -„,,       -      , 

OQ QA =~  "*  °"  "^^'  °*  carbon  per  minnte. 

2oo0 

In  the  third  case,  namely  to  heat  263  lbs.  of  nitrogen  through 
1850®,  there  will  be  required 
263  X  1850  X  -275 
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b46  lbs.  of  carbon  per  minnte. 
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These  results  show  that  to  raise  the  temperature  of  the  blast 
from  50®  to  650°  before  it  enters  the  Aimace  causes  a  saying  in  the 
blast  fomace  of  15  lbs.  of  coke  out  of  74,  or  about  20  per  cent ; 
and  that  a  further  increase  of  temperature  from  650**  to  1150'' 
occasions  a  saying  of  13  lbs.  out  of  59,  or  about  22  per  cent  To 
show  that  these  calculations  are  not  so  merely  theoretical  as  might 
at  first  be  supposed,  it  may  be  here  stated  that  in  the  wnter*s 
experience  the  raising  of  the  temperature  of  the  blast  from  650^ 
to  1150®  at  the  Ormesby  Iron  Works  has  accomplished  an  actual 
saying  of  from  17  to  18  per  cent,  of  coke  in  the  blast  Arruace;  and 
this  was  effected  at  an  expense  of  coal  outside  the  ^imaoe  of 
about  one  half  the  weight  of  coke  sayed  within  the  frimace.  The 
writer  believes  howeyer  that,  were  it  in  his  power  to  compare 
two  exactly  similar  systems  of  hot-air  stoyes,  the  additional  fuel 
consumed  outside  the  furnace  would  approximate  more  nearly 
to  one  third  of  the  weight  saved  inside  the  fru*nace  than  to  one 
half.  But  the  difficulty  of  haying  to  compare  the  ordinary  cast 
iron  stoves  with  the  regenerative  hot-blast  stoves,  by  which  the 
highest  named  temperature  of  1150®  is  attained,  is  too  great  to 
allow  of  the  comparison  being  made  more  precisely. 

In  the  cold-blast  ^mace  the  method  of  heating  the  air  is  simply 
by  its  direct  contact  with  the  heated  material  and  incandescent  coke, 
and  it  is  heated  altogether  at  the  expense  of  carbon  burnt  only  into 
carbonic  oxide  instead  of  into  carbonic  acid.  In*  the  hot-blast 
fttmace,  by  the  more  complete  combustion  of  the  heating  fuel  in  the 
hot-blast  stoves,  exterior  to  the  furnace,  the  nitrogen  is  heated 
not  only  at  a  cost  of  fuel  represented  by  a  saving  of  theoretically 
three  fourths  in  the  actual  weight  of  coke  required  within  the 
furnace  to  raise  the  nitrogen  to  the  same  temperature,  but  also 
with  the  further  advantage  that  instead  of  burning  coke  it  is 
coal  that  is  used  for  the  purpose.  In  other  words,  for  every 
pound  of  coaJ  economically  burnt  outside  the  furnace  in  raising  the 
temperature  of  the  blast,  three  pounds  of  coke  will  be  saved  within 
the  furnace,  whether  the  furnace  be  open  or  closed  at  the  top. 

It  may  be  thought  that  a  comparison  made  between  an  open- 
topped  furnace  where  the  gas  bums  freely  as  it  escapes,  and  a 
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dose-topped  taxnace  where  no  such  combustion  takes  place,  is  not 
a  &ir  one ;  and  that  the  combustion  of  the  gas  at  the  throat  of  the 
open-topped  furnace,  bj  imparting  heat  to  the  materials  at  the 
throat  of  the  furnace,  would  tell  in  favour  of  the  consumption  of 
fael  in  the  open-topped  furnace.  But  facts  speak  otherwise,  and  it 
appears  that  there  is  practically  no  difference  whatever  due  to  this 
cause. 

It  will  thus  be  seen  that  a  definite  limit  to  the  height  of  a 
fomace  is  soon  reached  in  practice ;  and  that  the  advantage  derived 
from  increasing  the  actual  height  of  a  furnace  may  be  partly  secured 
by  increasing  the  temperature,  of  the  blast,  and  thereby  lowering 
the  region  of  maTimum  temperature  in  the  furnace. 

The  only  question  that  remains  is  as  to  the  diameter  of  the 
furnace.  In  reference  to  this  dimension,  the  danger  that  has  been 
alluded  to  ftam  the  formation  of  cold  masses  in  the  centre  of  a  blast 
fdmace  serves  as  a  caution  against  the  more  dangerous  formation 
of  cold  masses  attached  to  the  sides  of  the  ftimace,  technically 
called  scaffoldings.  It  is  obvious  that,  if  the  width  of  the  boshes 
of  a  furnace  be  large  in  proportion  to  the  height  and  the  volume  of 
the  ascending  gas,  there  will  be  a  tendency  to  unequal  diffusion  of 
the  heat  imparted  by  that  gas  over  the  successive  horizontal  sections 
of  the  furnace,  and  irregularities  in  its  working  will  consequently 
Bet  in.  There  is  then  a  limit  to  the  diameter  of  the  boshes,  the 
largest  of  which  yet  in  use  is  believed  to  be  about  21  feet ;  beyond 
this  size  it  appears  very  questionable  whether  any  beneficial  result 
would  arise,  though  a  furnace  has  been  stated  to  be  in  course  of 
construction  at  Cwm  Celyn  having  a  diameter  of  24  feet  at  the 
boshes. 

The  nature  of  the  materials  of  the  charge  in  any  contemplated 
increase  of  the  dimensions  of  a  blast  Aimace  must  be  most 
scrupulously  borne  in  mind.  The  density  of  the  coke  is  the  most 
important  consideration ;  but  next  to  that  is  the  friability  of  the 
ironstone  itself.  In  the  Staffordshire  district  it  would  be  useless  to 
build  furnaces  of  the  height  contemplated  and  actually  employed 
in  the  Middlesbrough  district,  for  the   simple  reason  that  the 
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Staffordshire  coke  is  friable  and  would  be  cmsbed  most  injuriously 
by  tlie  weight  of  superimposed  material. 

It  is  thus  evident  that  the  actual  dimensions  of  a  blast  famace 
in  any  particular  instance  are  much  dependent  upon  special  local 
circumstances ;  but  the  writer  has  endeavoured  to  point  out  the 
general  principles  which  guide  the  determination  of  the  dimensions 
to  be  adopted. 


The  President  thought  the  paper  that  had  been  read  was  an 
excellent  one  and  gave  a  clear  explanation  of  the  advantage  of 
hot  blast  and  the  principles  involved  in  the  arrangement  of  the 
materials  in  a  blast  furnace.  He  enquired  what  had  been  fonnd  to 
be  the  effect  of  the  internal  distributing  cone  in  the  throat  of  the 
furnace  at  the  Ormesby  Iron  Works,  as  regarded  the  quality  of  the 
iron  produced,  and  whether  there  had  been  any  difficulty  in  keeping 
the  furnace  up  to  the  desired  quality  of  foundry  iron  since  the 
internal  cone  had  been  added. 

Mr.  Cochrane  replied  that  the  quality  of  the  iron  now  made 
by  the  furnace  was  the  same  as  the  foundry  iron  made  in  the 
same  ^imace  before  the  internal  distributing  cone  was  added; 
but  the  difference  produced  by  the  cone  was  thia :  that  before  its 
application,  although  the  frimace  would  make  as  good  a  quality  of 
foundry  iron  when  in  good  working  order,  it  was  liable  continnallj 
to  be  thrown  suddenly  to  white  iron,  owing  to  irregularities  in  the 
arrangement  of  the  materials  in  the  furnace,  causing  them  to  reach 
the  hearth  in  an  imperfect  state  of  fusion,  so  that  white  iron  was 
produced  notwithstanding  the  burden  was  the  proper  one  for 
foundry  iron ;  whereas  since  the  addition  of  the  internal  cone  no 
white  iron  had  ever  been  produced  with  a  foundry  iron  burden, 
but  the  furnace  was  now  kept  regularly  to  foundry  iron  without 
any  irregularities  occumng  in  its  working. 
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The  President  enquired  what  was  the  construction  and  weight 
of  the  internal  cone,  and  what  was  found  to  be  its  durability  in  that 
situation. 

Mr.  Cochrane  replied  that  the  cone  was  made  of  sheet  iron  and 
was  suspended  inside  the  throat  of  the  ^mace  by  four  chains  from 
the  charging  plate,  as  shown  in  the  drawing ;  its  weight  was 
about  5  cwts.  The  cone  had  now  been  in  regular  use  for  about 
four  months,  and  would  probably  have  lasted  ten  or  twelve  months 
before  requiring  renewal,  if  that  plan  of  charging  had  been 
continued  in  constant  work;  it  was  however  only  a  temporary 
construction  which  he  had  adopted  by  way  of  trial,  for  the  purpose 
of  satisfying  himself  respecting  the  arrangement  of  the  materials  in 
the  ftimace  top ;  and  the  entire  furnace  top  was  now  in  process  of 
alteration  to  the  ordinary  plan  of  closed  top  with  the  cast  iron 
lowering  cone  for  charging,  as  shown  in  Fig.  3,  Plate  58,  since  this 
senred  the  same  purpose  of  distributing  the  materials  in  the  fdmace 
as  the  internal  distributing  cone ;  a  single  large  opening  was  also 
employed  for  taking  off  the  gas  at  one  side,  instead  of  the  annular 
gas  chamber  previously  used. 

Mr.  J.  E.  Swindell  enquired  how  the  impossibility  of  making 
No.  1  foundry  iron  with  cold  blast  in  the  Middlesbrough  district 
was  accounted  for,  and  whether  it  was  considered  due  to  the  more 
intractable  nature  of  the  materials  in  that  district. 

Mr.  Cochrane  believed  it  was  entirely  owing  to  the  more 
intractable  nature  of  the  materials  that  it  was  impossible  to 
make  the  best  quahties  of  foundry  iron  with  cold  blast  in  the 
Middlesbrough  district,  because  in  Staffordshire  No.  1  foundry 
iron  could  be  produced  with  cold  blast.  The  explanation  he  thought 
was  as  submitted  in  the  paper  just  read :  that  with  cold  blast  the 
air  had  to  travel  higher  up  into  the  ftimace  before  a  sufficient  heat 
was  obtained  for  the  reduction  of  the  iron  ore  ;  and  it  was  possible 
also  that  the  nature  of  the  materials  in  the  Middlesbrough  district 
required  a  temperature  which  could  not  be  produced  at  all  with 
cold  blast. 

Mr.  J.  E.  Swindell  asked  whether  it  was  considered  that  the 
materials  in  the  furnace  really  did  melt  nearer  to  the  tuyeres  with 
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hot  blast  than  with  cold  blast ;  he  tmderstood  that  practical  mea 
who  had  worked  both  hot  and  cold-blast  famaces  stated  distinctly 
that  the  materials  melted  nearer  to  the  tnjeres  in  a  cold-bbist 
furnace  than  with  hot  blast. 

Mr.  GoGHBANE  said  the  object  to  be  aimed  at  in  the  blast  fiiniaoe 
was  to  get  the  region  of  maximum  temperature  limited  as  much  as 
possible  in  its  extent  above  the  tuyeres,  and  to  leave  all  possible 
height  of  the  furnace  available  for  the  absorption  of  the  heat 
generated  in  the  lower  parts.  No  doubt  with  cold  blast  the 
materials  were  melting  as  close  to  the  tuyeres  as  with  hot  blast, 
but  the  objection  to  the  cold  blast  was  that  it  caused  them  to 
be  melting  also  considerably  above  the  tuyeres,  for  a  height  d 
probably  as  much  as  10  or  12  feet  above.  The  object  more 
correctly  stated  was  therefore  to  bring  down,  not  the  point  at 
which  the  materials  did  melt,  but  the  point  at  which  they  did  fio< 
melt ;  that  is,  to  bring  down  the  upper  limit  of  the  region  of  fbsion, 
and  confine  the  maximum  temperature  to  the  least  possible  height 
above  the  tuyeres:  and  he  was  ftdly  satisfied  that  this  was  the 
efiect  produced  by  the  hot  blast  as  compared  with  the  cold  blast 

Mr.  E.  B.ETN0LDS  suggested  that  the  difficulties  which  had  been 
met  with  in  the  working  of  the  furnace  arose  from  the  constructbn 
of  the  closed  top  and  charging  valve,  which  appeared  to  be  a 
reversing  of  the  old  mode  still  employed  at  the  Bntterley  Irtm 
Works,  where  the  charging  was  done  by  means  of  a  filling  barrow, 
which  carried  the  charge  in  a  bucket  at  the  end  of  a  projecting  ann 
reaching  oyer  the  centre  of  the  open  top  of  the  furnaces;  each 
bucket  consisted  of  a  vertical  cyhnder,  the  bottom  of  which  was 
closed  by  a  cone  held  up  against  it,  and  the  charge  was  dropped 
into  the  fiumace  by  lowering  the  cone  valve.  By  that  plan,  when 
the  cone  was  lowered  for  charging,  the  tendency  of  the  charge  was 
to  shoot  outwards ;  but  with  the  construction  of  the  closed  top 
shown  in  the  drawings,  when  the  charging  valve  was  raised,  tbe 
slope  of  the  charging  plate  surrounding  the  valve  would  cause  the 
material  to  be  shot  towards  the  centre  of  the  ftimace,  and  would 
thus  occasion  the  difficulties  that  had  been  experienced.  These 
he  suggested  might  be  obviated  if  the  sides  of  the  charging  plate 
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were  more  nearly  vertical,  so  as  to  shoot  the  material  less  into  the 
centre  of  the  fnmace,  and  agree  more  nearly  with  the  vertical  sides 
of  the  charging  cylinders  in  the  old  plan  nsed  at  Bntterley. 

Mr.  Cochrane  did  not  see  how  snch  an  arrangement  of  the 
cbargrng  plate  conld  have  been  carried  out  with  the  construction  of 
charging  valve  that  had  been  employed  at  the  Ormesby  Iron  Works, 
nor  was  the  slope  of  the  charging  plate  a  point  of  importance  after 
the  internal  distributing  cone  had  been  added.  The  object  of 
haying  a  charging  valve  that  should  be  raised  for  charging,  in 
place  of  the  ordinary  cone  valve  that  was  lowered  in  the  furnace  at 
each  charge,  had  been  to  save  as  much  height  as  possible  in  the 
fiimaoe  and  admit  of  keeping  the  materials  charged  up  to  a  higher 
level  in  the  throat  of  the  furnace.  It  had  been  a  question  therefore 
in  the  first  instance  between  employing  a  much  larger  charging 
Talve,  so  as  to  avoid  all  risk  of  the  charges  being  shot  into  the 
centre  of  the  furnace ;  or  keeping  the  size  of  the  valve  as  small  as 
was  compatible  with  maintaining  the  level  of  the  materials  in  the 
fomace  up  to  the  full  height  intended :  and  it  had  been  found,  as 
the  result  of  experience,  that  the  original  size  of  the  charging  valve, 
only  6  ft.  6  ins.  diameter,  was  too  small  to  prevent  the  charges 
fiJling  into  the  centre  of  the  ftimace,  although  the  difficulties 
arising  from  that  cause  had  since  been  entirely  obviated  by  the 
addition  of  the  internal  distributing  cone  for  directing  the  materials 
outwards  towards  the  sides  of  the  furnace.  At  a  neighbouring 
fnmace  however  in  the  Middlesbrough  district,  where  the  same 
construction  of  closed  top  with  lifting  valve  had  been  adopted,  the 
Talve  had  been  made  9  ft.  6  ins.  diameter  instead  of  only  6  ft.  6  ins. ; 
and  the  consequence  of  this  increase  in  its  size  was  that  the  charges 
were  distributed  sufficiently  towards  the  sides  of  the  furnace, 
instead  of  shooting  into  the  centre,  and  the  i^imace  was  working 
admirably  without  any  need  of  an  internal  distributing  cone  such 
as  it  had  been  necessary  to  have  recourse  to  in  the  i^imace  described 
in  the  paper. 

The  President  enquired  what  was  the  difference  of  size  in 
the  Staffordshire  blast  frimaceB  as  compared  with  those  in  the 
Hiddleebrough  district. 
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Mr.  J.  E.  Swindell  said  that  the  fdmaoee  in  the  Stafibrdshiie 
district  were  from  13  to  18  feet  in  diameter  as  a  Tnft.xiTnnTw^  and  not 
exceeding  45  to  50  feet  in  heiglit. 

The  Pbesideht  asked  whether  the  materials  of  the  chaises  for 
the  close-topped  furnace  described  in  the  paper  were  broken  to 
any  particular  size  before  charging. 

Mr.  CocHBANE  replied  that  the  limestone  was  broken  by  hand 
labour  to  a  size  of  about  4  to  6  inches  cube ;  but  the  ironstone  was 
taken  as  it  came  from  the  kilns,  and  no  attempt  was  made  to  break 
it  at  all,  as  that  had  not  been  found  to  pay. 

The  Pbesident  enquired  whether  the  high  temperature  of 
1150^  Fahr.,  which  had  been  mentioned  as  the  heat  of  the  hot  blast 
at  the  Ormesby  furnace,  was  the  average  temperature  of  the  blast, 
and  what  was  the  extent  of  fluctuation  in  the  temperature. 

Mr.  Cochrane  replied  that  the  blast  was  heated  by  means  of  Mr. 
Cowper's  regenerative  hot-blast  stoves,  and  the  average  temperature 
of  blast  obtained  was  1150°  in  regular  working.  The  very  outside 
fluctuation  was  abont  200°  during  the  four  hours  that  each  stove 
alternately  heated  the  blast,  the  maximum  temperature  being  nearly 
1250^  when  the  newly  heated  stove  was  first  turned  on,  and  the 
minimum  temperature  not  less  than  1050®  at  the  end  of  the  four 
hours*  working  of  the  same  stove. 

The  President  asked  what  had  been  the  experience  with 
reference  to  the  durability  of  the  regenerative  hot-blast  Btoves,  and 
whether  any  difficulty  had  occurred  with  any  part  of  them. 

Mr.  Cochrane  said  he  had  now  had  these  stoves  in  regular  work 
for  upwards  of  three  years,  and  as  regarded  their  durability  they 
did  not  show  the  slightest  signs  of  wear  or  deterioration,  but 
appeared  likely  to  last  for  an  indefinite  length  of  time.  The  only 
parts  in  which  any  difficulty  had  been  experienced  were  the 
stop  gas  valves  of  the  stoves ;  these  gave  some  trouble  at  first  in 
consequence  of  a  condensation  of  tar  upon  them,  which  prevented 
them  from  fitting  as  tightly  as  was  necessary  to  avoid  leakage,  and 
the  tar  afterwards  ignited  and  cracked  the  valve  seats;  but  that 
difficulty  was  now  entirely  got  over  by  not  allowing  the  gas  to 
come  into  contact  with  the  valve  at  the  time  the  blast  was  passing 
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throngh  the  stove,  so  that  any  leakage  of  blast,  instead  of  escaping 
into  the  gas,  was  now  discharged  into  the  open  air. 

Mr.  E.  A.  GowFEB  remarked  that  the  regenerative  hot-blast 
stoves  heating  the  blast  for  the  Ormesby  fdmace  were  the  same 
that  he  had  described  at  a  meeting  of  the  Institution  fonr  years 
previously,  (see  Proceedings  Inst.  M.  E.,  1860,  page  54)  ;  and  the 
advantages  then  anticipated  from  heating  the  blast  in  that  manner 
to  the  high  temperature  of  1150**  Fahr.  had  been  folly  reaHsed 
in  actual  working.  The  temperature  of  1150^  was  not  attainable 
with  common  stoves,  in  which  the  heat  ot  the  blast  seldom 
exceeded  650°,  and  could  not  be  increased  much  beyond  that 
amount  on  account  of  the  heating  being  done  by  means  of  cast  iron 
pipes.  The  regenerative  stoves  however  afforded  the  means  of 
raising  the  temperature  to  as  much  as  1250^  or  more,  the  blast 
being  heated  by  direct  contact  with  the  hot  mass  of  firebrick 
contained  in  the  stove,  which  had  previously  been  heated  by  direct 
contact  with  flame.  The  result  of  employing  a  blast  of  that  high 
temperature  had  been  as  stated  in  the  paper,  that  17  to  18  per 
cent,  of  coke  was  saved  in  the  blast  furnace :  and  there  was  also 
an  increase  of  about  20  per  cent,  in  the  quantity  of  iron  made, 
while  the  quality  of  the  iron  was  better  than  previously,  more  of 
No.  1  being  made. 

Mr.  F.  J.  Bramwell  observed  that  the  arrangement  of  close- 
topped  blast  furnace  described  in  the  paper  was  one  of  the  plans  by 
which  the  whole  of  the  gas  was  taken  off  from  the  furnace,  and 
there  was  no  combustion  of  gas  out  of  the  mouth  of  the  furnace ; 
and  in  connection  with  that  arrangement  it  appeared  to  be  considered 
that  the  sole  object  to  be  attained  was  that  the  materials  in  the 
upper  part  of  the  furnace  should  absorb  as  completely  as  possible 
the  heat  generated  lower  down.  He  believed  however  there 
was  a  general  opinion  that  a  certain  beneficial  chemical  effect 
was  produced  by  allowing  some  of  the  gas  to  bum  out  of  the 
furnace  mouth,  so  that  its  combustion  there  might  operate  in 
preparing  the  newly  charged  materials  and  rendering  them  more 
ready  to  be  acted  upon  and  deoxidised  as  they  descended  in  the 
furnace.     An  open-topped  arrangement,  similar  to  that  employed 
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at  Messrs.  Sclmeider's  fiimaoes  at  Ulyerstone,  had  been  described 
at  the  Liverpool  meeting  of  the  InstitiLtion  last  year  (see  Proceedings 
Inst.  M.  E.,  1868,  page  227),  a  large  portion  of  the  gas  being  taken 
off  b^  a  vertical  tube  inserted  in  the  centre  of  the  famace  throat, 
while  the  annnlar  space  snrronnding  the  tnbe  was  left  open  for  ^e 
rest  of  the  gas  to  bom  out  freely  at  the  month  of  the  fbmace ;  and 
that  plan  appeared  to  him  to  satisfy  aU  the  requirements,  for  while 
allowing  so  mnch  of  the  gas  to  be  taken  oi  as  was  required  for 
working  the  blast  engine  and  heating  the  blast,  it  still  left  gu 
enough  homing  out  of  the  fatnace  top  to  produce  the  heat  neoessaiy 
for  the  proper  preparation  of  the  materials,  and  also  left  the  monih 
of  the  ftumace  open  so  that  the  charging  was  done  in  the  ordinaij 
manner  by  hand.  He  thought  therefore  that  an  arrangement  which 
allowed  of  combustion  at  the  furnace  mouth  and  of  charging  in  the 
ordinary  manner  fulfilled  the  required  conditions  of  a  blast  foniace 
better  than  one  in  which  the  combustion  at  the  furnace  top  was 
entirely  stopped  by  taking  off  the  whole  of  the  gas,  and  where  the 
charging  had  to  be  done  by  special  means  in  consequence  of  the  top 
of  the  ftimace  being  closed. 

In  reference  to  the  irregular  qualiiy  of  the  iron  produced  where 
there  was  any  irregularity  in  the  charging  of  the  materials,  he 
thought  it  most  important  that  great  attention  should  be  paid  to 
having  the  materials  all  broken  to  a  uniform  size  for  putting  into 
the  furnace.  For  where  a  chemical  process  had  to  be  carried  on, 
such  as  the  reduction  of  the  ironstone  and  other  materials  of  the 
charge,  it  was  impossible  to  expect  uniformity  of  results  without 
uniformity  of  mixture ;  and  if  large  masses  of  ironstone  and 
limestone  were  put  into  the  ftimace,  they  could  not  be  so  thoroughly 
and  uniformly  acted  upon  by  the  heat  as  if  smaller  pieces  broken  to 
a  uniform  size  were  used.  A  stone-breaking  machine  for  breaking 
the  limestone  and  iron  ore  for  blast  Aimaces  had  been  seen 
in  operation  by  the  members  at  the  Liverpool  meeting  in  last 
year,  and  had  also  been  described  at  a  subsequent  meeting  (see 
Proceedings  Inst.  M.  E.,  1864,  page  20)  ;  which  effected  the  breaking 
of  the  materials  with  great  economy,  and  with  a  rapidity  sufficient 
for  all  the  purposes  of  a  large  ironworks ;   and  he  thought  such  a 
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machine  would  be  prodnctive  of  great  advantage  by  conducing  to 
nniformit 7  iii  the  qnaJity  of  iron  made  with  a  giyen  bnrden. 

He  had  not  had  an  opportnnitj  of  seeing  the  regenerative  hot- 
blast  stoves  at  work  for  heating  the  blast,  bnt  thej  were  an 
admirable  adaptation  of  Mr.  Siemens'  regenerative  system :  he  had 
seen  the  regenerative  ftimaces  applied  to  other  purposes  where  a 
very  high  temperature  was  required,  and  certainly  nothing  could 
exceed  the  success  of  their  application  in  such  cases.  There  was 
no  doubt  that  the  mass  of  firebrick  in  the  regenerative  stoves  gave 
the  means  of  heating  the  blast  as  high  as  1150^  Fahr.  or  upwards, 
and  of  maintaining  it  easily  at  that  temperature,  which  it  would  be 
impossible  to  accomplish  in  the  ordinary  mode  of  heating  the  blast 
through  cast  iron  pipes.  Moreover  in  the  regenerative  stoves 
every  particle  of  fuel  was  utilised,  since  the  heat  given  out  by  it 
was  taken  up  so  completely  by  the  firebrick  in  the  regenerators 
that  the  chimney  flue  remained  cool  enough  to  allow  of  the  hand 
being  held  in  it ;  and  the  blast  being  afterwards  heated  by  passing 
in  the  reverse  direction  through  the  same  mass  of  firebrick,  the 
heat  was  cairied  forwards  by  it  into  the  blast  fiimace,  and  great 
economy  was  thus  effected,  the  whole  of  the  heat  being  thereby 
utilised,  instead  of  a  large  amount  of  waste  heat  escaping  to  the 
chimney.  There  appeared  no  reason  to  doubt  that  the  increase  in 
the  temperature  of  the  blast  firom  the  ordinary  heat  of  650®  to  the 
high  temperature  of  1150®  maintained  at  Ormesby  was  attended 
with  the  beneficial  results  that  had  been  mentioned,  as  regarded 
economy  of  fael  in  the  blast  ftimace ;  and  that  being  the  case,  it 
might  be  expected  that  a  still  higher  temperature  of  blast  would  be 
found  productive  of  yet  greater  economy.  As  to  what  temperature 
of  blast  would  give  the  maximnm  of  economical  effect,  if  the 
question  were  one  of  merely  melting  the  ore,  no  doubt  the  process 
of  heating  the  air  by  means  like  the  regenerative  stoves,  which 
ntOised  nearly  the  whole  of  the  foel,  might  be  advantageously 
carried  on  until  the  air  was  made  sufficiently  hot  to  do  the  whole 
work  of  melting  the  ore  without  the  use  of  any  fnel  at  all  in  the 
fiirnace;  unless  indeed  before  that  point  were  reached  the  highly 
heated  blast  should  have  an  injurious  effect  on  the  walls  of  the 
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fomace,  which  ^owever  he  did  not  at  all  fear.  Bat  it  xanst  be 
borne  in  mind  that  the  ose  of  the  fuel  in  the  fomace  was  not  merely 
to  generate  heat  for  melting  the  charge,  bnt  that  one  of  its  most 
important  fnnctions  was  to  act  chemically  on  the  ore  so  as  to  fit  it 
for  reduction.  It  seemed  to  him  probable  therefore  that  the  limit 
of  nsefol  effect  in  heating  the  blast  wonld  be  reached  at  that  point 
where  its  increased  temperature  would  admit  of  the  fdel  in  the 
furnace  being  reduced  to  the  minimum  quantity  requisite  to  act 
chemicaUj  on  the  ore.  What  that  quantity  might  be  was  a  chemical 
question :  but  he  had  little  doubt  that  the  limit  was  sufficiently  hr  off 
to  allow  of  the  temperature  of  the  blast  being  still  further  increased 
with  advantage ;  and  he  believed  this  increased  temperature  could 
be  obtained  by  the  use  of  the  regenerative  stoves,  which  he  was 
very  glad  to  hear  had  worked  so  successfully  during  the  four  years 
they  had  been  in  action. 

Mr.  CoOHBAKE  remarked  that,  as  regarded  the  burning  of  the 
gas  in  the  throat  of  the  blast  ^imace,  he  was  led  to  believe  that  the 
temperature  of  the  ascending  gas  on  reaching  the  top  of  the 
furnace  was  not  sufficient  to  produce  any  chemical  effect  upon  the 
materials,  and  the  addition  of  a  few  feet  height  at  the  top  of  the 
furnace  was  only  a  question  of  absorbing  the  heat  more  completely 
from  the  gas  before  it  escaped  from  the  furnace.  He  had  at  one 
tune  considered  that  the  combustion  of  the  gas  in  the  throat  of  an 
open-topped  furnace  had  something  to  do  with  dispelling  any 
foreign  matter  in  the  coke  or  the  ironstone,  or  possibly  finishing  the 
calcining  of  any  portion  of  the  ironstone  that  had  been  imperfectly 
burned,  or  drying  the  materials  and  warming  them  more  thoron^j 
previous  to  their  descent  in  the  furnace.  But  the  results  of 
subsequent  experience  had  now  led  him  to  conclude  that  there  was 
not  any  appreciable  difference  in  yield  between  a  furnace  working 
with  a  totally  closed  top  and  one  which  allowed  the  combustion  of 
the  gas  in  the  throat.  The  explanation  of  this  &ct  appeared  to  be 
the  same  as  that  which  applied  to  the  burning  of  an  ordinary 
candle,  where  the  gas  in  the  interior  of  the  cone  of  flame  remained 
so  cold  that  gunpowder  might  be  placed  in  it  without  being 
exploded ;    and  in  the  same  way  in  an  open-topped  blast  furnace, 
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the  gas  hy  the  time  it  reached  the  top  of  the  materials  was  at  its 
lowest  temperature,  aoid  it  had  still  so  much  further  to  ascend 
before  it  came  in  contact  with  the  oxygen  of  the  air  necessary  to 
bum  it,  that  the  heat  generated  by  its  combustion  at  the  Aimace 
mouth,  although  large  in  amount,  could  not  radiate  back  again 
through  the  ascending  column  of  gas  so  as  to  impart  any  of  its 
temperature  to  the  materials  lying  in  the  throat  of  the  ftimace. 

As  regarded  the  breaking  of  the  materials  previous  to  charging, 
there  could  be  no  question  that  if  they  could  be  always  broken  to  a 
nniform  size  it  would  be  very  advantageous  to  the  working  of  the 
fhmace.  This  was  already  accomplished  to  a  considerable  extent 
in  the  case  of  the  limestone,  which  was  broken  by  hand  labour  for 
the  purpose ;  but  in  respect  to  the  ironstone,  he  had  no  hesitation 
in  saying  that  any  attempt  to  break  it  into  pieces  of  uniform 
size  would  be  frustrated  in  the  Middlesbrough  district  by  the 
amount  of  waste  made  in  crushing  it,  on  account  of  the  friable 
nature  of  the  Cleveland  ironstone. 

Mr.  J.  E.  Swindell  mentioned  that  an  attempt  had  been 
made  eighteen  years  ago  in  a  blast  frmace  at  Wingerworth  in 
Derbyshire  to  get  the  gas  ignited  and  consumed  close  to  the 
snr&ce  of  the  materials  in  the  furnace  throat,  in  order  that  the 
whole  of  the  heat  generated  by  the  combustion  might  be  utilised 
in  the  furnace.  The  fdmace  was  about  25  or  30  feet  high, 
with  the  top  entirely  closed,  the  charging  of  the  materials  being 
done  through  doors  provided  for  the  purpose  ;  and  a  small  opening 
ftumished  with  a  damper  admitted  air  to  the  top  of  the  furnace  for 
the  combustion  of  the  gas.  The  result  was  that  the  gas  was  entirely 
consumed  in  the  top  of  the  furnace,  and  the  heat  produced  was 
BO  great  that  the  materials  at  the  top  were  almost  in  a  melting  state. 
The  furnace  had  been  worked  in  that  manner  for  a  considerable 
lengrth  of  time,  but  the  results  were  altogether  unsuccessful  as 
to  quality  of  iron  made  and  economy  of  fuel,  and  the  plan  was 
therefore  abandoned. 

Mr.  J.  Pernib  had  been  much  struck  with  the  very  great 
waste  of  heat  that  must  take  place  at  the  open-topped  furnaces  of 
Qartsherrie  and  other  places  in  the  neighbourhood  of  Glasgow, 
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where  the  quantity  of  waste  gas  bnmmg  out  of  the  famace  tops 
appeared  largely  in  excess  of  what  was  observed  in  many  English 
open-topped  fhrnaces ;  and  he  conld  not  help  thinking  the  dosed 
top  or  some  other  mode  of  taking  off  the  gas  and  ntilising  it  might 
be  applied  with  great  advantage  to  many  of  the  Scotch  blast 
ftirnaces. 

The  President  enqnired  whether  the  iron  produced  was  found 
to  be  stronger  or  better  in  quality  in  consequence  of  the  high 
temperature  of  the  hot  blast  described  in  the  paper.  He  remembered 
that  formerly  iron  used  to  be  produced  so  strong  that  the  pigs 
had  to  be  cast  with  nicks  in  them  for  breaking,  but  latterly  the 
strength  had  so  much  deteriorated  that  a  pig  would  break  by  merelj 
falling  on  the  ground ;  and  he  feared  that  more  attention  was  now 
paid  to  cheapness  than  to  quality  of  iron. 

Mr.  Cochrane  said  he  had  not  made  any  experiments  to  ascertain 
the  actual  increase  of  strength  in  the  iron  produced  with  the  very 
hot  blast  employed  at  Ormesby,  but  he  could  state  positively  that 
there  was  an  increase  of  strength,  as  shown  by  the  &ct  that  the 
work  of  breaking  the  pigs  after  each  cast  was  now  much  heavier, 
which  was  a  rough  test  of  the  increased  strength.  There  was  a 
decided  improvement  in  the  purity  of  the  iron  made  with  the  hotter 
blast,  which  would  no  doubt  explain  its  increased  strength.  In  the 
Middlesbrough  district  it  was  found  that  a  little  scum  of  impurities 
rose  to  the  surfaxse  of  the  melted  iron  in  the  blast  furnace,  which 
was  sometimes  very  objectionable  in  casting ;  but  with  the  hotter 
blast  there  was  less  of  this  scum  rising,  showing  that  there  was 
increased  purity  of  the  iron  produced.  In  fact  as  the  greater  part 
of  the  impurities  in  the  iron  arose  from  the  coke,  the  smaller 
quantity  of  coke  used  with  the  hotter  blast  gave  less  opportnnify 
for  these  impurities  to  pass  into  the  iron. 

Mr.  J.  Anderson  thought  it  strange  that  makers  of  iron  on 
a  large  scale  should  allow  the  question  of  quality  to  occupy  so  little 
of  their  attention.  The  fact  that  the  tensile  strength  of  different 
descriptions  of  iron  in  the  pig  ranged  from  as  low  as  only  4  tons  per 
square  inch  up  to  15  tons,  with  all  the  strengths  between,  showed 
that  there  was  something  to  be  done  by  the  iron  maker,  and  that 
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the  founder  had  very  little  to  depend  upon  previous  to  trial  as  to  the 
kind  of  iron  that  should  be  used  for  any  purpose,  since  with  the 
inferior  irons  the  strains  to  which  they  would  be  subjected  in  use 
mnst  often  approach  very  nearly  to  their  breaking  strength.  He 
thought  the  iron  maker  should  ascertain  the  exact  quality  of  the 
iron  which  he  made,  so  as  to  be  able  to  state  definitely  how  good  it 
was  in  respect  to  toughness,  elasticity,  and  ultimate  tensile  strength. 
If  these  points  were  more  attended  to,  instead  of  merely  the 
production  of  iron  in  great  quantities,  it  would  in  the  long  run  be 
the  better  for  the  country  at  large. 

Mr.  W.  Haden  remarked  that  if  a  superior  quality  of  iron  were 
desired  it  could  always  be  obtained  if  a  proportionate  price  were 
paid  for  it.  But  there  were  many  other  requirements  also  for  which 
a  very  inferior  quality  of  iron  was  quite  suitable ;  and  if  these  were 
to  be  overlooked,  a  large  amount  of  the  material  in  the  various  iron 
making  districts  would  lie  worthless.  The  great  object  to  be  aimed 
at  in  every  district  was  to  utilise  the  material  of  that  district  to  the 
utmost  extent. 

Mr.  J.  Akdbrson  thought  that,  if  there  were  greater  focilities  for 
getting  good  iron,  a  proportionate  diminution  might  be  made  in  the 
dimensions  of  castings,  compared  with  those  made  of  the  inferior 
iron  at  present  employed ;  and  if  more  care  were  bestowed  upon 
getting  the  greatest  strength  from  the  ironstone  of  a  district,  and 
the  chemical  constituents  of  the  iron  were  attended  to,  the  minimum 
tensile  strength  of  the  iron  in  the  pig  might  probably  be  brought 
up  to  8  tons  per  square  inch  or  upwards.  Thus  only  half  the 
weight  of  iron  would  have  to  be  used  in  those  structures  for  which 
the  inferior  iron  was  at  present  employed. 

Mr.  J.  E.  Swindell  thought  the  only  excuse  for  not  using  the 
better  qualities  of  iron  was  their  high  prices ;  but  the  tensile 
strength  of  8  tons  per  square  inch  that  had  been  mentioned 
appeared  to  him  to  be  considerably  below  the  actual  strength  that 
was  generally  obtained  from  the  best  makes  of  pig  iron.  At  his  own 
works  in  the  South. Staffordshire  district  the  tensile  strength  of 
bars  1  inch  square  of  cold-blast  iron  cast  direct  from  the  blast 
furnace  was  found  to  be  14  tons  in  the  regular  make,  though  it 
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was  not  possible  for  tliat  strengtli  to  be  guaranteed  in  aU  castangs 
made  from  snch  pigs,  because  the  metal  might  be  so  treated 
sabsequentlj  in  the  fonndry  as  to  have  much  of  its  strengtih 
destroyed.  The  mechanical  qnalities  of  any  sort  of  iron,  its 
strength,  toughness,  and  elasticity,  were  the  principal  points  to  be 
regarded,  he  considered ;  and  the  question  of  chemical  compositioii 
and  the  minute  proportions  of  foreign  ingredients  mixed  with  the 
iron  appeared  to  him  of  very  secondary  importance. 

Mr.  F.  J.  Bbamwell  concurred  in  thinking  that  the  chemical 
composition  of  iron  should  be  viewed  as  of  secondary  importance 
in  comparison  with  its  mechanical  qualities.  If  a  number  of 
inferior  descriptions  of  iron  were  found  by  chemical  analysis  to 
contain  a  certain  foreign  ingredient  which  was  found  to  be  absent 
from  other  irons  of  a  better  class,  that  afforded  a  presumption  that 
the  particular  ingredient  in  question  deteriorated  the  qualiiy  of  any 
iron  containing  it :  but  the  exceptions  to  this  inference  were  found 
to  be  so  numerous  in  practice  that  it  would  be  a  mistake  to  reject 
any  irOn  merely  on  the  ground  of  its  containing  some  special 
ingredient,  while  its  mechanical  properties  might  notwithstanding 
be  such  as.  to  place  it  among  the  class  of  good  irons.  He  therefore 
considered  the  mechanical  qualities  were  in  every  case  those  which 
should  be  first  regarded.  In  describing  the  strength  of  any  make 
of  iron,  one  thing  to  be  stated  was  the  condition  that  the  iron  was 
in,  whether  in  the  pig  or  after  a  subsequent  process  of  casting,  as 
the  strength  was  much  affected  by  difference  of  the  conditions  in 
that  respect.  In  the  case  of  some  iron  from  Nova  Scotia  whidi  he 
had  had  occasion  to  test,  he  had  found  that  in  the  pig  it  bore 
a  tensile  strain  of  only  7^  tons  per  square  inch ;  but  after  repeated 
fusion  and  mixing  with  its  own  scrap,  the  same  iron  bore  an 
average  tensile  strain  of  ISJ  tons  per  square  inch,  while  the 
highest  strength  obtained  by  that  means  was  as  much  as  19|  tons 
per  square  inch,  as  proved  by  the  testing  machine  at  Woolwich, 
showing  how  greatly  the  original  strength  in  the  pig  might  be 
increased  by  subsequent  treatment. 

Mr.  J.  Anderson  remarked  that  having  lately  given  a  good 
deal  of  attention  to  the  properties  of  iron  in  its  different  characters 
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of  wTonght  iron,  cast  steel,  and  cast  iron,  he  had  come  to  the 
oonclnsion  that  the  chemical  composition  of  the  metal  was  the  great 
question.  He  had  fonnd  that  wrought  iron  which  was  most  nearly 
pure,  containing  the  least  amount  of  carbon,  had  a  tensile  strength 
of  about  20  tons  per  square  inch,  and  in  the  irons  of  Scotland  and 
the  steely  irons  of  Yorkshire  the  strength  varied  from  that  amount 
up  to  28  tons  per  square  inch,  while  cast  steel  containing  1|  per 
cent,  of  carbon  had  an  ultimate  tenacity  as  high  as  75  tons ; 
whereas  in  cast  iron,  containing  the  ^largest  proportion  of  carbon, 
the  strength  declined  to  8  tons  and  downwards  as  low  as  4  tons 
per  square  inch.  All  these  descriptions  of  iron,  excepting  the 
purest  with  the  tensile  strength  of  about  20  tons,  had  their  strength 
increased  by  plunging  them  while  in  a  heated  state  into  cold  water. 
He  had  also  found  that  the  facility  of  welding  any  description  of 
iron  was  in  proportion  to  its  freedom  from  the  chemical  constituent, 
carbon,  which  increased  its  tenacity ;  so  that  the  purer  and  weaker 
irons  welded  more  readily  than  those  containing  more  carbon  and 
possessing  greater  tensile  strength.  Thus  the  steely  irons  of 
Yorkshire  became  very  difficult  to  weld  in  the  stronger  qualities, 
and  the  next  gradation  in  the  scale  was  the  mild  steels  which 
he  was  now  using  for  guns.  These  had  very  nearly  the  same 
constituents  as  the  Yorkshire  iron,  and  were  affected  to  nearly  the 
same  extent  by  being  made  red-hot  and  plunged  into  water.  The 
various  mechanical  properties  of  the  different  descriptions  of  iron 
were  now  becoming  generally  understood,  but  the  great  question 
that  still  remained  for  solution  was  altogether  a  chemical  one: 
namely,  what  it  was  that  produced  such  great  changes  of  quality  in 
the  different  sorts  of  iron,  and  particularly  what  it  was  that  caused 
iron  to  become  so  much  stronger  when  heated  red-hot  and  plunged 
into  water. 

Mr.  P.  D.  Bennett  thought  the  subject  of  the  different  qualities 
of  various  descriptions  of  iron  was  of  the  greatest  importance  to 
the  makers  of  iron,  and  he  would  be  very  glad  if  an  explanation 
could  be  given  as  to  why  there  was  so  much  difficulty  in  getting 
Staffordshire  iron  to  stand  tests  which  were  borne  by  Scotch  iron 
of  much  less  cost.     His  own  practice  in  testing  iron  wa§  to  have  a 
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test  bar  cast  2  inclies  deep  by  1  inch  wide  with  3  feet  between  the 
bearings,  which  ought  to  carry  a  load  of  28  cwts.  in  the  centre 
before  breaking,  if  the  iron  were  of  at  all  a  good  quality.  Bat  in  the 
case  of  the  Staffordshire  district  he  had  found  it  difficult  to  get  any 
of  the  cheaper  iron  to  stand  that  test,  while  Scotch  iron  would 
readily  stand  82  cwts. ;  and  to  get  Staffordshire  iron  to  stand  the 
same  test  as  the  Scotch,  the  price  would  be  as  much  as  20«.  to  30«. 
per  ton  higher  than  the  Scotch.  In  some  recent  experiments  with 
the  best  cold-blast  Staffordshire  iron  he  had  succeeded  after  mnch 
difficulty  in  getting  a  test  bar  to  stand  a  weight  of  37  cwts.,  which 
was  the  highest  test  he  had  been  able  to  attain  with  it ;  but  the 
price  in  that  case  was  as  much  as  £5  lOs.  per  ton  as  compared  with 
only  £3  10«.  for  Scotch  iron  of  the  same  strength.  He  hoped 
therefore  that  the  reason  of  this  great  difference  would  be  more 
satisfactorily  explained  than  had  yet  been  done. 

Mr.  E.  A.  GowPEB  thought  there  was  still  much  to  be  done 
in  respect  to  the  chemical  investigation  of  the  different  qualities 
of  iron,  in  order  to  ascertain  clearly  what  was  the  cause  of  the 
differences  that  were  met  with ;  for  when  this  was  known,  so  that 
the  quality  of  any  desired  sort  of  iron  could  be  foUy  described, 
he  had  no  doubt  the  iron  makers  would  find  the  means  of  prodncing 
that  quality  of  iron  readily  enough.  At  present  chemistry  had  not 
gone  far  enough  in  this  subject ;  for  in  a  recent  case  one  of  the 
strongest  irons  known  had  been  rejected  on  chemical  reasons  abne. 

In  reference  to  increasing  the  strength  of  iron  by  heating 
it  red-hot  and  plunging  it  into  cold  water,  it  was  found  very 
advantageous,  in  the  case  of  casting  chiUed  rolls,  to  melt  and  cast 
the  iron  into  cold  water  two  or  three  times  beforehand.  He  did  not 
know  what  change  this  made  in  the  nature  of  the  metal,  but  it  had 
the  effect  of  causing  the  iron  to  chill  more  completely  in  the  final 
casting,  and  thus  increased  the  hardness  and  durability  of  rolls  cast 
in  that  way. 

Mr.  J.  Ai^DERSON  observed  that  a  great  deal  had  already  been 
accomplished  and  was  still  in  process  of  being  done  by  government 
towards  ascertaining  the  chemical  qualities  of  iron,  and  to  a  certain 
extent  these  endeavours  had  been  successful ;  but  because  chemical 
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investigation  bad  not  always  led  to  correct  results  at  present,  it 
onglit  not  on  that  account  to  be  disparaged. 

Mr.  F.  J.  Bbimwell  tbongbt  tbe  valne  of  cbemistry  in  connection 
witb  tbe  properties  of  iron  sbonid  not  be  depreciated  ;  but  on  the 
other  hand,  when  the  sole  object  was  to  get  iron  that  should  satisfy 
certain  mechanical  requirements,  if  the  chemical  test  and  the 
mechanical  test  were  at  Tariance,  it  was  a  mistake  to  accept  the 
chemical  test  in  lieu  of  the  mechanical.  In  any  case  of  a  discrepancy 
between  the  two,  the  test  which  was  practical  should  be  adopted, 
and  not  that  which  was  only  a  means  of  arriving  at  the  practical  by 
another  road. 

The  President  considered  the  experiments  and  researches  that 
had  been  referred  to  as  being  made  by  this  government  must  tend 
to  a  good  result  ultimately,  and  were  leading  the  way  for  j^irther 
investigations  by  individual  makers  and  consumers  of  iron,  who 
were  all  anxious  to  get  better  iron.  A  very  elaborate  machine  was 
now  in  course  of  construction  by  Mr.  Earkaldy,  for  the  purpose  of 
testing  iron  in  respect  to  aU  its  various  mechanical  properties, 
which  would  enable  the  makers  of  iron  to  ascertain  with  great 
accoracy  the  quality  of  the  metal  which  they  produced. 

He  proposed  a  vote  of  thanks  to  Mr.  Cochrane  for  his  paper, 
which  was  passed. 


The  Meeting  was  then  adjourned  to  the  following  day.  In  the 
afternoon  the  Members  were  conveyed  by  special  train,  granted  for 
the  occasion  by  the  Edinburgh  and  Glasgow  Bcalway  Company,  to 
visit  the  Mugdock  Reservoir  of  the  Loch  Elatrine  Water  Works, 
with  the  Straining  Well,  the  Outlet  of  the  Loch  Katrine  Aqueduct, 
and  the  Delivery  Sluices  for  the  supply  of  Glasgow.  The  Members 
were  received  at  the  Milngavie  Station  and  accompanied  over  the 
works  at  Mugdock  by  the  Lord  Provost  of  Glasgow  and  the 
authorities  of  the  Water  Works ;  and  returned  to  Glasgow  in  the 
evening  by  special  train. 


D  2 
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The  Adjourned  Meeting  of  the  Members  was  Iield  in  tlie 
Institution  Booms,  St.  George's  Place,  Glasgow,  on  Wednesdaj, 
8rd  August,  1864 ;  Eobeet  Napibe,  Esq.,  President,  in  the  Chair. 

Tlie  following  paper  was  read : — 
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ON   IMPROVEMENTS    IN    HEAVY    TOOLS 

FOR  GENERAL  ENGINEERING 

AND    IRON    SHIPBUILDING    WORK. 


Bt  Mb.  JAMES  FLETGHEB,  of  Manchester. 


Dnring  the  ladt  thirty  jears  the  great  rise  and  progress  have 
taken  place  in  the  construction  and  application  of  general 
Engineering  and  Iron  Shipbuilding  Tools,  their  mannfactnre  now 
forming  a  very  important  branch  of  mechanical  engineering. 
Porty-fiye  years  ago,  at  the  commencement  of  the  writer's  career 
as  a  mechanic,  tools  were  of  a  very  mde  and  primitive  description, 
the  lathe  and  drill  being  abont  the  only  ones  then  in  general 
use ;  shde  lathes  were  possessed  only  by  a  few  persons,  being  made 
with  great  labour  and  expense,  and  very  inferior  in  point  of 
workmanship. 

The  introduction  of  .the  planing  machine  however  and  its 
subsequent  development  effected  an  entire  change  in  the  manu&cture 
of  tools  and  machinery  of  every  class,  giving  the  means  of  carrying 
out  with  facility  many  works  which  had  been  left  unattempted 
previously  as  too  expensive  or  impracticable,  and  opening  the  way  for 
improvements  and  invention  generally;  and  in  a  short  time  these 
machines  became  indispensable  in  every  workshop.  The  slide  lathe 
became  then  comparatively  easy  of  manu&cture,  and  in  conjunction 
with  the  planing  machine  and  self-acting  drill  formed  a  most 
important  feature  in  the  advancement  of  engineering  work.  Still 
much  remained  to  be  effected:  a  large  proportion  of  work  was 
done  by  hand,  especially  the  smaller  portions  of  machinery,  until 
slotting  and  shaping  machines  were  brought  into  use,  and  special 
tools  adapted  for  all  parts  where  a  quantity  of  work  was  required 
to  be  produced.  By  the  gradual  introduction  and  perfecting 
of  the  regulator  screw,  the  wheel  cutting  engine,  standard  gauges, 
large  sur£Eu;e  plates,  long  straight  edges,   and  scraped  surfaces, 
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combined  with  tlie  improved  tools,  not  only  was  the  amount 
of  mamial  labour  oonsiderablj  diminished,  bat  the  woik  ms  done 
more  expeditionslj,  and  a  moch  greater  degree  of  aocnracj  was 
attained,  whereby  the  workmanship  in  all  classes  of  machineiy 
was  remarkably  improved  and  at  a  great  redaction  in  cost  As 
engineering  skill  was  broaght  to  bear  on  schemes  which  oonld  not 
previously  have  been  carried  oat,  so  were  tools  enlarged  and 
new  ones  invented,  to  meet  the  exigencies  of  new  works;  nntil 
engineers  and  others  became  really  dependent  for  the  accnracj 
and  execation  of  their  work  upon  the  tools  that  coald  be  emplojed 
for  the  porpose.  The  steam  engine,  with  all  the  inventive 
genios  that  has  been  concentrated  npon  it,  woald  without  these 
tools  have  still  been  most  imperfect  in  constraction,  and  would  have 
formed  a  wide  contrast  to  the  engines  erected  at  the  present  day, 
in  point  of  excellence  of  workmanship,  durability,  and  cost.  Many 
instances  could  be  given  where  tools  of  unusually  large  dimensions 
or  the  most  minute  description  are  indispensable  for  the  execation 
of  the  work  required. 

The  great  change  which  has  taken  place  in  the  substitution  of 
wrought  iron  for  wood  or  cast  iron,  especially  in  ship  and  bridge 
building,  is  a  subject  worthy  of  special  attention.  In  ship  building 
the  use  of  vrrought  iron  has  advanced  with  such  rapid  strides 
during  the  last  twenty  years  as  to  cause  a  complete  revolution  in 
the  trade.  The  transition  was  so  sudden  and  the  demand  so  great 
that  much  difficulty  was  experienced  in  procuring  a  sufficient 
number  of  the  necessaxy  class  of  workmen,  until  those  who  liad 
previously  been  employed  as  shipwrights  in  building  wooden  vessels 
were  in  a  short  time  enabled,  by  the  assistance  of  improved  tools 
and  appliances,  to  compete  with  more  practised  hands,  and  to  cope 
easily  with  the  heavy  modem  work.  Improvements  in  the 
construction  of  iron  ships  were  then  rapidly  developed.  New  tools 
were  called  for  and  produced,  by  means  of  which  the  work  has  been 
materially  improved  and  &cilitated ;  the  edges  of  the  plates  are  now 
planed  to  make  perfectly  fitting  joints,  and  multiple  drilling 
machines  are  rapidly  coming  into  use  for  drilling  a  large  number  of 
holes  at  once  in  the  plates  or  keel  bars. 
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Another  important  feature  in  connection  with  improyed  tools  is 
the  direct  application  of  steam  power  to  individual  machines, 
espedallj  those  for  the  purpose  of  punching  and  shearing  plates  or 
cattdng  bars,  Jbc,  by  the  oombination  of  a  small  steam  engine  with 
each  machine;  thus  rendering  the  machines  portable,  entirely 
self-contained,  and  independent  of  other  sources  of  dnving  power, 
and  thereby  saving  in  many  instances  the  necessity  of  running  a 
large  engine  and  quantity  of  shafting  to  drive  only  one  or  two 
machines,  when  pressed  for  the  work  upon  which  they  are  engaged, 
and  entirely  dispensing  with  shafting  and  the  usual  attendant 
expenses.  By  this  means  and  by  the  use  of  an  underground  steam 
pipe  with  branches  at  convenient  points,  either  in  workshops  or 
along  the  sides  of  docks,  these  machines  may  be  moved  about  to  any 
part  required,  and  thus  obviate  the  inconvenience  and  loss  of  time 
in  carrying  work  to  and  from  the  machines.  Steam  pipes  of  great 
length  are  now  .being  used  and  are  found  very  satisfactory  for 
purposes  of  this  description;  and  this  plan  makes  a  much  more 
convenient  and  less  costly  arrangement  than  shafting,  which 
requires  constant  attention. 

In  the  earlier  construction  of  the  Lathe  the  sHde  rest  was  the 
first  great  step  towards  the  principle  of  the  slide  lathe,  and  no  doubt 
led  to  that  invention,  which  was  considered  impracticable  before 
planing  machines  were  made  of  sufficient  magnitude  to  plane  a  lathe 
bed  of  even  small  dimensions.  A  few  slide  lathes  had  indeed  been 
made,  the  beds  of  which  were  composed  of  a  timber  framing,  covered 
with  iron  plates  on  the  upper  side  to  preserve  the  sur&ce,  similar  to 
those  which  were  previously  used  for  the  ordinary  hand  lathes,  with 
the  exception  that  the  outer  edges  of  the  iron  plates  were  made  of 
suitable  shape  to  form  the  Vs  for  the  carriage  to  slide  upon.  It 
was  not  however  until  some  time  after  the  introduction  of  the 
planing  machine  that,  the  cost  of  workmanship  being  considerably 
lessened,  slide  lathes  came  into  general  use  and  their  utility  waa 
fully  acknowledge  and  attention  directed  to  their  improvement. 

The  application  of  a  screw  to  the  slide  lathe,  so  as  to  render  it 
capable  of  both  sliding  and  screw-cutting,  was  the  next  important 
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improvement ;  and  a  great  amount  of  time,  perseverance,  and  capital 
was  expended  by  a  few  persons  in  endeavonring  to  perfect  tliis 
portion  of  the  lathe.  A  short  screw  was  first  made  as  accnratelj  as 
possible,  with  the  rude  means  then  possessed,  from  which  one  was 
cut  double  the  length,  by  changing  the  turned  bar  end  for  end  in 
the  lathe  after  cutting  one  half.  Subsequently  by  foUowmg  oat 
this  principle  screws  were  capable  of  being  made  of  any  length 
required. 

After  this  the  sur^Etcing  motion  was  introduced ;  and  also  the 
use  of  a  shaft  at  the  back  of  the  lathe,  in  addition  to  the  regulator 
screw,  for  driving  the  sliding  motion  by  rack  and  pinion,  instead  of 
both  the  motions  of  sliding  and  screw-cutting  being  worked  by  the 
screw  alone.  For  it  was  found  that  the  threads  of  that  portion  of 
the  screw  nearest  the  hst  headstock,  being  most  in  use,  were 
worn  thinner  than  the  other  parts ;  and  in  consequence  the  lathe 
did  not  cut  a  long  screw  with  the  degree  of  accuracy  which  it 
otherwise  would  have  done. 

Thus  step  by  step  improvements  were  gradually  brought 
forward ;  the  four-jaw  and  universal  chucks  and  other  important 
appliances  were  added,  so  as  to  render  the  lathe  applicable  to  a 
great  variety  of  work,  even  cutting  spiral  grooves  in  shafts,  scroUa 
in  a  &ce  plate,  skew  wheels,  and  also  turning  articles  of  oval, 
spherical,  or  other  forms.  The  duplex  lathe,  with  one  tool  acting 
in  front  and  the  other  behind  the  work,  is  also  found  to  be  a 
very  useftd  arrangement  for  sliding  long  shafts,  cast  iron  rollers, 
cylinders,  and  a  great  variety  of  work,  where  a  quantity  of  the 
same  kind  and  dimensions  has  to  be  turned. 

The  lathe  shown  in  Fig.  1,  Plate  59,  is  an  improved  lathe 
designed  for  the  purpose  of  turning  long  shafts,  screws,  or  other 
articles.  The  bed  A  is  40  feet  long,  cast  in  one  piece  and  planed 
the  entire  length  at  once.  It  is  provided  with  two  pairs  of 
headstocks,  placed  right  and  left  hand,  each  pair  having  its  own 
carriage  and  tool  rest,  and  working  entirely  independent  of  the 
other ;  the  one  pair  B  B  being  15  inches  high  to  the  centre,  and  the 
other  C  C  12  inches  high.  In  connection  with  the  larger  head- 
stocks  B  B  is  a  regulator  screw  running  through  the  entire  length 
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of  the  bed,  by  means  of  which,  when  the  other  headstocks  GO  are 
reftioved,  a  screw  35^  feet  long  may  be  cut  at  once.  The  smaller 
headBtocks  C  0,  by  means  of  a  separate  shaft  at  the  back  of  the 
lathe,  are  capable  of  sliding  an  article  25  feet  long,  and  can  also 
if  required  be  provided  with  a  screw-cutting  arrangement.  Thus 
this  lathe  possesses  the  advantages  of  being  used  as  two  lathes  for 
work  of  an  ordinary  character,  but  at  the  same  time  a  very  long 
shaft  may  be  turned  when  required.  In  many  workshops  a  long 
lathe  is  an  absolute  necessity,  although  the  whole  length  of  the  bed 
may  not  be  required  many  times  during  the  year ;  and  unless  some 
Bimilar  arrangement  to  the  one  above  described  is  adopted,  a  large 
portion  of  the  lathe  bed,  taking  up  valuable  space,  would  remain 
idle  and  useless  the  greater  portion  of  the  time.  Again  in  sliding 
long  shafts  the  two  carri^es  and  tools  may  be  in  operation  at  once 
upon  the  same  piece  of  work,  and  thus  economise  time.  The 
headstocks  being  placed  right  and  left  hand,  the  loose  headstocks 
are  thus  able  to  accommodate  each  other  to  the  different  lengths  of 
work,  thereby  avoiding  the  necessity  of  moving  the  £a.st  headstock 
and  top  cone  pulley  when  any  work  above  half  the  total  length  of 
bed  is  to  be  turned. 

Figs.  2,  3,  and  4,  Plates  59  and  60,  represent  a  slide  lathe  for 
taming  large  marine-engine  crank-shafts  or  other  articles  up  to 
40  tons  weight,  or  screw  propellers  up  to  20  feet  diameter.  The 
headstocks  B  C  are  4  feet  6  inches  high  from  the  face  of  the  bed, 
which  is  40  feet  long.  The  main  driving  spindle  D  is  of  cast  iron, 
18  inches  diameter  in  the  front  bearing  and  12  inches  in  the  back 
hearing,  arranged  as  an  ordinary  treble-geared  lathe  which  can  be 
worked  single,  double,  or  treble  power.  The  cone  puUey  E,  the 
largest  speed  of  which  is  3  feet  6  inches  diameter  by  6  inches  wide, 
mns  loose  upon  the  spindle  D.  The  faceplate  F  is  12  feet  diameter 
and  has  on  the  back  a  large  internal  toothed  wheel  O,  Eig.  3.  By 
means  of  two  pairs  of  driving  pulleys  on  the  countershaft,  the 
lathe  may  be  worked  at  thirty  diflFerent  speeds,  to  suit  the  diameter 
of  articles  to  be  turned.  The  fast  headstock  casting  B  is  in  one 
piece,  and  without  spindle  or  appurtenances  weighs  11 J  tons.  It  is 
tied  to  the  bed  A  by  the  tie  plates  H,  Fig.  2.     The  bed  is  10  feet 
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wide  oyer  all,  and  is  composed  of  two  lathe  beds  AA,  Fig.  4,  each 
cast  in  one  piece  40  feet  long,  and  lield  firmly  in  a  parallel  position 
hy  distance  feet  or  foundation  plates  K,  liaving  strips  and  bolts  to 
bind  the  beds  in  their  places.  When  it  is  required  to  move  the  bed 
endways  to  accommodate  any  large  article  on  the  &ceplate,  the 
strips  in  the  distance  feet  K  are  slackened  so  as  to  allow  the  two 
long  beds  A  A  to  slide  throngh  them,  the  motion  being  given  at  the 
end  by  means  of  worm  wheels  and  screws  L,  Fig.  2.  The  end  foot 
or  distance  piece  K  nearest  the  fitst  headstock  B  is  fixed  to  the 
long  beds  A  A  and  travels  with  them  npon  the  tie  plates  H,  so  as  to 
support  their  ends  whilst  turning  articles  on  the  fiMwplate  F.  Two 
self-acting  sliding  carriages  M  and  N  are  employed.  Fig.  2,  upon  one 
of  which  M,  Fig.  4,  is  a  slide  rest  of  ordinary  constmctian  and  great 
strength  ;  the  other  carriage  N  has  a  rest  made  very  narrow,  with 
a  wrought  iron  tool  slide,  and  is  for  the  purpose  of  turning  out  crank 
sweeps.  The  self-acting  motion  is  driven  by  a  strap  from  the  spindle  D 
to  a  pulley  O  at  the  back  of  the  lathe,  Fig.  3,  and  is  provided 
with  a  reversing  apparatus  to  enable  the  carriages  to  slide  in  both 
directions.  This  motion  can  be  thrown  out  of  gear  independent^ 
in  either  of  the  carriages  M  and  N,  which  are  provided  with  an 
arrangement  for  moving  them  on  the  bed  by  hand.  An  e^e  bolt 
is  screwed  in  the  front  part  of  the  loose  headstock  C,  and  a 
corresponding  one  upon  the  nearest  carriage  N,  so  that  the  two  can 
be  coupled  by  a  short  chain  or  shackle,  and  the  loose  headstock  G 
can  thus  be  drawn  upon  the  surface  of  the  bed  A  to  any  required 
position  by  the  hand  motion  of  the  carriage  N.  The  total  weight  of 
this  lathe,  which  is  now  in  course  of  construction  for  the  lADcefieid 
Forge  in  Glasgow,  will  be  upwards  of  70  tons. 

The  Planing  Machine  is  one  of  the  most  important  took  in 
use,  and  has  done  more  towards  the  advancement  and  success  of 
engineering  work  than  any  other  invention,  with  the  exception  of 
the  lathe ;  and  has  passed  through  a  great  number  cf  changiB 
since  its  first  introduction  down  to  the  present  time. 

In  the  first  planing  machines  the  table  was  moved  by  means 
of  a  chain  winding  on  a  drum,  as  in  the  old  hand  machines. 
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But  this  mode  was  found  to  be  very  objectionable :  tlie  cut  waft 
unsteady,  and  wlien  tlie  tool  was  suddenly  reKeved  at  the  end  of  its 
cut,  the  table  had  a  tendency  to  spring  forwards ;  it  was  also  driven 
at  the  same  speed  both  forwards  and  backwards,  and  thus  a  great 
loss  of  time  was  occasioned.  This  was  much  improved  upon  by  the 
use  of  a  rack  and  pinion,  arranged  to  give  a  quick  return  motion, 
and  also  afterwards  by  the  screw  arrangement.  Much  di£Perence  of 
opinion  has  existed  as  to  the  relative  value  of  the  rack  and  the 
screw  for  driving  the  table  of  planing  machines.  The  writer  will 
not  therefore  go  into  this  question  further  than  to  state  that  his 
own  long  experience  in  this  class  of  machines,  after  having  made  a 
large  number  with  both  appliances,  has  led  him  to  the  opinion  that 
the  rack  is  decidedly  the  most  preferable  mode  of  driving. 

In  some  of  the  earliest  planing  machines  the  Vs  were  made 
inverted,  evidently  with  the  idea  of  preventing  any  cuttings  that 
Mi  upon  the  wearing  sur£M;es  from  remaining  upon  them.  They 
proved  however  to  possess  no  advantage  even  in  this  particular,  as 
the  finer  portions  of  the  cuttings  still  adhered ;  and  in  addition  it  was 
found  that  from  the  motion  of  the  table  the  oil  by  its  own  gravity 
would  not  remain  upon  the  surfaces,  and  thus  caused  them  to  cut 
and  wear  away  quickly.  They  were  afterwards  made  an  ordinary 
V  shape  and  found  to  answer  much  better,  as  the  V  formed  a 
reservoir  to  contain  the  oil  in  a  groove  at  the  bottom,  from  which  it 
was  raised  at  each  stroke  by  the  motion  of  the  table  and  the 
apparatus  attached  for  that  purpose.  The  Vs  have  been  constructed 
of  different  angles  and  widths  of  sur&ce ;  but  it  is  the  writer's 
opinion  that  at  the  present  time  many  machines  are  made  with 
the  angle  too  obtuse,  and  the  sur&ces  widened  to  too  great  an 
extent.  In  machines  with  very  shallow  Vs,  taking  a  heavy  cut  off 
a  light  article  with  the  tools  on  the  uprights,  the  table  is  liable  to 
shift  sideways,  causing  the  tools  to  dig  into  the  work  and  occasion 
much  mischief  Also  with  very  wide  Vs  the  table  when  mftVii^g 
short  strokes  cannot  work  the  oil  up  to  the  top  of  their  sur&ces, 
and  thus  allows  them  to  cut  or  gall.  The  writer  has  in  use  a  planing 
machine  with  a  bed  54  feet  long,  the  Vs  of  which,  shown  one 
qnarter  full  size  in  Fig.  5,  Plate  61,  have  only  2  inches  of  sur&ce  on 
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•aoli  aide,  and  are  planed  to  an  angle  of  85  degreeB.  Tbis  macbm« 
has  been  working  npwarda  of  twenty  yean,  and  for  tbe  last  six 
years  both  night  and  day ;  it  has  been  employed  dniing  the  whole 
of  that  time  upon  yery  heavy  work,  ranging  from  5  to  20  tons.  The 
Vs  are  still  in  good  condition,  apparently  very  little  worn,  and  the 
work  the  machine  does  is  at  the  present  time  perfectly  true.  The 
bed  is  in  three  parts  jointed  and  bolted  together,  and  the  table  in 
two  pajrts ;  since  at  the  time  it  was  noade  there  was  no  machine 
capable  of  planing  a  very  long  piece,  and  this  was  considered  to  he 
one  of  the  largest  then  in  existence.  The  writer  has  alao  a  planing 
machine  made  about  the  same  period  with  a  V  on  one  side  of  the 
bed  and  a  flat  surface  on  the  other,  which  plan  he  found  was  yery 
objectionable,  on  aooount  of  the  two  surfaces  not  wearing  equally 
and  the  oil  working  off  the  flat  sur£EM2e. 

The  planing  machines  were  further  improved  by  the  use  of  two 
toolboxes  on  the  cross  slide,  and  by  the  a]^lication  of  aHde  rests  or 
toolboxes  fixed  upon  the  uprights,  self-acting  vertically,  for  planing 
articles  at  .right  angles  to  the  tools  on  the  cross  slide.  The 
reversing  toolbox  is  a  very  ingenious  and  useM  oontrivaace  fiv 
planing  flat  surfaces ;  but  that  plan  is  not  so  well  adapted  for 
general  purposes.  Planing  machines  have  like  other  tools  been 
specially  adapted  to  a  great  variety  of  work,  and  the  writer  hu 
made  them  with  different  numbers  of  tools  up  to  am  many  as 
sixteen,  all  of  which  were  in  operation  at  once. 

The  great  changes  which  have  lately  taken  place  in  the 
manufacture  of  wrought  iron  and  steel  ordnance,  and  the  revolution 
they  have  caused  in  the  construction  of  vessels  of  war,  have 
called  into  requisition  a  great  many  alterations  and  adaptations 
of  the  present  machines,  as  well  as  many  entirely  new  ones.  The 
planing  machine  especially  has  been  called  upon  to  do  work  of  a 
very  curious  and  intricate  character,  namely  that  of  planing  the 
edges  of  armour  plates  to  different  curves,  shapes,  or  angles.  In 
most  cases  this  has  been  accomplished  by  a  pattern  bar  of  iron  or 
steel,  placed  on  edge  in  a  small  chuck  fixed  upon  the  aorfiK^e  of  the 
table,  adjustable  by  set  screwa,  and  shaped  to  the  form  to  which  it 
is  required  to  plane  the  edge  of  the  plate;  as  the  table  travels,  this 
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Imut,  which  mils  between  iwo  cironlar  rollers  attached  to  the 
underside  of  the  tool  slide,  moyes  the  tool  sidewAys  according 
to  the  amount  of  curve  in  the  shaper  or  guide  bar,  the  toolbox 
being  disconnected  for  this  purpose  from  the  screw  in  the  cross 
slide. 

Figs.  6  to  9,  Plates  61  and  62,  represent  one  of  the  Duplex 
Fhtfung  Machines  made  bj  the  writer.  This  machine  is  arranged 
with  double  beds  A  A  and  double  tables  B  B,  Fig.  8,  each  table 
faaviDg  a  separate  set  of  gearing,  with  starting,  stopping,  and 
feed  motions.  There  are  two  toolboxes  C  C  on  the  cross  slide  D, 
each  of  which  is  independently  self-acting,  so  as  to  work  with  its 
own  table.  Thus  the  two  tables  may  be  used  separately  as  two 
smaller  machines  working  independently  of  each  other  and  capable 
of  planing  different  lengths  of  work  at  the  same  time ;  or  when 
planing  a  large  article  the  two  tables,  gearing,  and  motions  may  be 
coupled,  so  as  to  form  one  large  machine :  an  arrangement  rendering 
the  machine  capable  of  doing  a  great  variety  of  work.  Also  one  table 
may  be  fixed  stationary  as  a  bed-plate,  to  bolt  awkwardly  shaped  or 
long  pieces  of  work  upon,  whilst  they  are  planed  by  a  slide  rest 
fixed  upon  the  other  table.  When  used  as  one  machine,  both  sets 
of  straps  and  gearing  are  in  operation,  and  are  reversed  by  the 
stops  of  one  table  onfy,  so  as  to  ensute  the  straps  moving  at  the 
same  time. 

The  machine  shown  in  Figs.  6  and  8,  Plates  61  and  62,  is 
capable  of  planing  articles  10  feet  wide  and  10  feet  high.  The 
racks  on  the  underside  of  the  tables  BB  are  3  inches  pitch, 
with  stepped  teeth,  as  shown  enlarged  in  the  plan.  Fig.  7 ;  the 
wheel  £  working  into  the  rack  is  3  feet  9  inches  diameter  at  the 
pitch  line,  and  is  driven  by  a  smaller  pinion  F,  Fig.  6 ;  the  large 
wheel  £  being  only  for  the  purpose  of  transmitting  the  power  from 
tbe  pinion  F  to  the  rack.  By  this  arrangement  the  large  wheel  £ 
has  a  better  hold  upon  the  rack,  and  a  steadier  motion  is  obtained ; 
and  also  the  pulleys  and  driving  gear  G  can  be  placed  entirely 
behind  the  &ce  of  the  uprights  H,  so  as  to  leave  the  front  of  the 
machine  perfectly  clear,  that  the  straps  may  not  be  in  the  way  when 
taking  the  work  off  and  on.     The  pulleys  O  being  below  the  ground 
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line  may  be  driven  by  a  horizontal  nndergronnd  shaft  at  the  back  of 
the  machine,  and  no  straps  will  then  be  visible.  The  writer  has 
made  machines  of  this  description  with  beds  40  feet  long  to  plane 
work  np  to  14  feet  in  width,  the  beds  of  which  were  constructed 
the  same  as  shown  in  Fig.  9,  being  made  in  two  halves  A  A, 
which  are  jointed  longitudinally  with  a  projection  I  on  one  half 
fitting  into  a  corresponding  recess  in  t^e  other,  and  secoiely 
fiswtened  by  bolts  at  intervals  throughout  the  entire  l^igth. 

This  machine  is  particularly  well  adapted  for  planing  armonr 
plates.  Two  plates  can  be  planed  at  once  on  each  table,  one  being 
placed  upright  and  the  other  horizontal,  so  as  to  be  operated  upon 
by  the  tools  on  the  cross  slide  and  the  upright  at  the  same  time;  or 
whilst  two  plates  are  being  planed  on  one  table,  the  workman  may 
be  fixing  two  more  on  the  other,  and  thus  keep  the  macliine 
constantly  employed.  One  workman  is  sufficient  to  attend  to  both 
sides  of  the  machine,  thereby  saving  labour.  By  having  a  stationary 
table  fixed  at  one  side  of  the  bed,  upon  which  the  four  ends  of  four 
other  armour  plates  are  bolted,  and  adding  an  angle  bracket  and 
slide  rest  upon  one  of  the  moving  tables,  the  four  ends  are  planed 
at  the  same  time. 

The  Slotting  Machine,  of  which  the  engineers  in  Glasgow  can 
justly  boast  the  heaviest  examples,  was  originally  introduced  for 
cutting  small  wheels,  levers,  <fec.,  mostly  for  self-acting  mule  and 
loom  work ;  and  was  afterwards  adapted  to  a  great  variety  of  work 
by  the  application  of  a  circular  table,  which  was  an  improvement 
of  the  greatest  importance,  especially  in  large  machines  for  slotting 
or  shaping  large  cranks  or  other  similar  work  ;  this  is  now  done  to 
such  perfection  as  to  require  merely  drawfiling  and  polishing  to 
give  the  work  a  perfect  finish.  Many  kinds  of  quick  return  motions 
have  been  employed  for  the  purpose  of  saving  time  in  the  return 
stroke  of  the  tool,  and  to  give  it  a  regular  and  steady  movement  in 
the  cutting  direction.  Of  these  the  principal  are  the  eccentric 
wheels,  the  eccentric  motion,  and  lastly  the  lever  motion,  which 
makes  an  excellent  and  steady  movement  and  is  now  very  much 
applied  to  shaping  machines. 


Digitized  by  VjOOQ  IC 


HEAVY  ENGINEERINQ  TOOLS.  199 

One  of  the  large  slotting  machines  made  by  the  writer  has  a  stroke 
of  3  feet,  and  the  framing  is  capable  of  taking  in  an  article  12  feet 
diameter ;  it  has  compound  slides  and  a  self-acfcing  circular  table 
6  feet  diameter.  The  ram  moves  in  a  vertical  slide,  which  can  be 
raised  or  lowered  to  suit  the  depth  of  work  on  the  table,  so  as  to 
form  a  support  to  the  ram  when  taking  a  heavy  cut.  The  motion 
applied  to  the  tool  slide  is  the  lever  and  connecting  rod,  arranged  so 
as  to  gain  power  and  give  an  almost  uniform  motion  in  the  cuttiQg 
direction  and  an  accelerated  speed  in  the  return  stroke. 

A  difference  of  opinion  exists  as  to  the  best  form  for  constructing 
slotting  machines,  whether  with  the  double  standard,  or  the 
projeddng  single  frame.  For  machines  required  to  take  ia  a 
very  large  diameter,  the  writer  would  give  the  former  plan  the 
preference. 

Figs.  10  to  14,  Plates  63  and  64,  show  a  Double  Lever  Punching, 
Shearing,  and  Angle  Iron  Cutting  Machine.  The  strong  hollow 
cast  iron  frwme  AA  is  planed  at  each  end  for  the  reception  of  the 
punching  slide  B  and  the  shearing  slide  G.  The  machine  is  put  in 
motion  by  a  steam  engine  D,  Fig.  11,  fixed  upon  the  outside  of 
the  framing,  and  connected  to  a  crank  pin  in  the  flywheel  E, 
driving  by  the  pinion  F  on  the  first  motion  shaft  into  the  large 
wheel  G,  Fig.  12,  which  has  cams  H  cast  on  each  side  in  opposite 
positions,  so  as  to  actuate  the  levers  KK  alternately.  These  cams 
are  provided  with  circular  rollers,  which  run  against  the  underside 
of  the  levers  K  during  the  operation  of  punching  or  shearing,  and 
thus  prevent  any  scraping  or  friction  of  the  surfaces  in  contact. 
The  levers  K  are  of  wrought  iron,  steeled  where  operated  upon  by 
the  cams  and  where  they  work  in  the  slides  B  and  G,  having  the 
pins  I  for  their  fulcrums.  The  punching  slide  B,  shown  enlarged  in 
Fig.  14,  is  provided  with  a  block  J,  which  can  be  drawn  out  from 
under  the  end  of  the  lever  to  throw  the  punch  slide  out  of  gear. 
At  the  shearing  end  G,  shown  enlarged  in  Fig.  18,  an  adjustable 
stop  L  is  added  immediately  in  front  of  the  shears,  for  holding 
down  the  plate  whilst  shearing,  and  thus  causing  it  to  be  cut  square 
on  the  edge :  this  takes  the  strain  of  holding  down  the  plate  fr^m 
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the  workman,  and  prevents  short  pieces  of  metal  from  getting  down 
between  the  cutters  and  breaking  the  machine. 

Upon  the  end  of  the  centre  shi^  is  forged  an  eccentric  M, 
Fig.  10,  working  into  a  block  in  the  ram  N,  the  lower  end  of 
which  is  provided  with  snitablj  shaped  cutters  for  shearing  ban 
of  angle  iron  0.  This  slide  is  placed  at  an  angle  of  45  degrees, 
and  has  also  a  disengaging  motion,  so  as  to  be  thrown  out  of  geur 
whilst  a  long  bar  of  angle  iron  is  being  put  between  the  cuttero  tnd 
set  to  the  proper  place  or  marks  for  being  cut  off  correctly.  Tbis 
slide  may  abo  if  required  be  placed  in  a  vertical  position  for  cutting 
straight  bars.  In  cutting  long  bars  of  bent  angle  iron  howcTer, 
with  the  slide  N  placed  in  a  vertical  position,  one  portion  of  the  bar 
would  project  either  upwards  or  downwards  at  an  angle  from  the 
ground,  and  would  consequently  be  veiy  awkward  for  the  workman 
to  hold ;  but  by  placing  the  slide  at  an  angle,  as  shown  in  Fig.  10, 
the  bars  are  kept  in  a  horizontal  line  parallel  with  the  ground 
whilst  being  cut. 

This  machine  possesses  all  the  advantages  of  the  old  lever 
machine  and  the  eccentric  machine  combined ;  the  former  of  which 
has  long  been  acknowledged  to  be  the  most  simple  and  usefuL  Tbe 
cams  H,  Fig.  12,  are  constructed  of  such  a  shape  that  the  operation 
of  punching  or  shearing  is  completed  and  the  slide  returned  to  tbe 
top  in  half  a  revolution  of  the  machine,  the  whole  slide  remaining 
stationary  during  the  other  half  revolution  whilst  the  workman  is 
adjusting  the  plate  for  the  next  stroke.  This  enables  the  machine 
to  be  worked  one  third  quicker  than  eccentric  machines,  and  still 
leaves  the  workman  as  much  tune  to  move  the  plate ;  since  in 
eccentric  machines  the  punch  or  shears  is  always  being  either  raised 
or  lowered,  instead  of  being  stationary  during  part  of  each 
revolution.  The  levers  KK  are  left  sufficiently  long  and  heavy  at 
the  tail  end  to  overcome  the  weight  of  the  slides  B  and  C  and  tbe 
friction  of  the  punch  or  shears  upon  the  work.  Many  of  the  old 
machines  were  made  without  rollers  either  in  the  lever  end  or  in 
the  cam ;  and  in  consequence  of  the  wear  which  took  place,  tbe 
8ti*oke  of  the  punch  or  shears  was  gradually  lessened  until  the  worn 
out  parts  had  to  be  renewed.    By  the  application  of  rollers  however 
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in  the  oazns  H,  these  objectioiis  are  entirely  obviated ;  and  instead 
of  scraping  the  oil  from  the  wearing  surfoces,  the  roller  tends  to 
keep  it  on. 

For  the  pnrpoee  of  obtaining  greater  accuracy  in  dividing  out 
the  holes  in  bridge  plates,  boilei;  or  ship  plates,  a  dividing  table 
has  been  used,  and  machines  have  been  arranged  to  punch  several 
holes  at  once.  This  was  certainly  a  great  improvement  upon  the 
old  method,  since  in  addition  to  the  accuracy  attained  very  much 
more  work  was  accomplished  in  the  same  amount  of  time.  Still 
the  work  was  not  of  a  satis&ctory  description :  in  punching  the 
holes  the  iron  is  disturbed  or  fractured  for  some  little  distance 
round  the  hole,  thus  weakening  the  plate ;  and  in  consequence  of 
the  taper  which  there  must  necessarily  be  in  all  punched  holes,  the 
Tiyets  do  not  thoroughly  fill  up  the  space,  especially  when  more 
than  two  plates  are  joined  together. 

The  &ult8  of  punched  work  above  mentioned  were  so  apparent 
when  wrought  iron  bridge  building  became  general,  that  they  led  to 
the  introduction  by  Messrs.  Cochrane  of  the  Multiple  Drilling 
Machine,  described  at  a  former  meeting  of  the  Institution  (see 
Proceedings  Inst.  M.E.,  1860,  page  201),  for  drilling  a  large 
number  of  holes  at  once  in  bridge  plates. 

It  has  been  found  desirable  to  make  this  principle  of  drilling 
machine  more  universal  in  its  application,  and  a  machine  for  this 
purpose  is  shown  in  Figs.  15  and  16,  Plates  65  and  66.  The  strong 
base  plate  AA  extends  the  entire  length  of  the  machine,  about 
18  feet,  with  three  circular  openings  along  the  centre  line,  large 
enough  to  admit  the  hydraulic  cylinders  C  C,  by  which  the 
table  BB  carrying  the  plate  to  be  drilled  is  raised  and  pressed 
against  the  drills  with  the  necessary  force.  The  end  frames  DD  are 
bolted  to  the  base  plate,  and  upon  them  are  fixed  guides  adjusted 
to  each  comer  of  the  table ;  they  also  support  the  girder  EE,  which 
camee  the  drill  frames.  The  ends  of  the  girder  are  fitted  in 
planed  grooves,  and  it  is  made  in  halves,  which  can  be  set 
wider  apart  without  altering  the  gearing,  by  inserting  cast  iron 
packings  of  the  requisite  thickness  and  longer  bolts  at  the  joint  F, 
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Fig.  16.  The  two  halves  of  the  girder  can  also  be  tnmed  with  the 
drill  frames  inwards  if  required,  and  adjusted  to  a  distance  of 
4  inches  apart  for  the  two  rows  of  holes  and  upwards. 

Each  drill  is  held  in  a  separate  frame  Q,  as  shown  enlarged  in 
Figs.  17  to  20,  Plate  67.  These  h^mes  are  all  bolted  on  the  girder  E 
at  the  proper  distance  apart  by  means  of  bolts,  the  heads  of  wliich 
are  in  T  grooves  cast  and  planed  in  the  girder,  Figs.  18  and  19. 
T^o  small  projections  on  the  drill  frame  G  are  planed  to  fit  the 
recesses  of  these  grooves,  as  seen  in  Fig.  18,  and  the  drill  frames  G 
are  thereby  all  held  at  exactly  the  same  height  and  are  easily  moTed 
longitudinally  to  any  position  along  the  girder  £.  Each  drill 
spindle  is  fitted  with  an  adjustable  tail  pin  and  lock  nut  H,  wliich 
receives  the  upward  pressure  of  the  spindle ;  and  a  conical 
bearing  is  provided  at  the  lower  end  of  each  frame  O,  which 
prevents  the  drill  spindles  from  wearing  out  of  truth.  The  drills 
are  all  turned  parallel  for  a  short  distance  at  the  upper  end,  as 
shown  enlarged  in  Figs.  21  and  22,  and  fit  in  parallel  sockets,  which 
admit  of  short  drills  being  adjusted  to  the  same  length  as  longer 
ones,  by  putting  some  small  burrs  or  punchings  from  the  punching 
machine  of  the  required  thickness  into  the  drill  sockets  above 
the  dnlls ;  and  the  drills  are  fastened  in  the  sockets  by  a  set 
screw. 

Each  drill  spindle  is  driven  at  the  top  by  a  pair  of  spnr  mitre 
wheels  11,  which  may  be  described  as  each  consisting  of  a  shoit 
section  of  a  3|  ingh  diameter  twelve-threaded  screw,  of  wliich  the 
threads  are  about  12  inches  pitch ;  that  is  to  say  each  thread  or 
tooth  if  continued  would  make  one  complete  turn  round  its  shaft  in 
12  inches  length.  A  long  steel  shaft  J,  2^  inches  diameter,  with  a 
groove  throughout  its  length,  passes  through  each  drill  frame  G  and 
its  vertical  spur  mitre  wheel  I,  giving  motion  to  each  drill  spindle. 
This  shaft  is  driven  by  a  pair  of  strong  bevil  wheels  K,  Fig.  16, 
in  the  proportion  of  1|  to  1,  the  larger  one  being  on  the  shaft  J; 
and  the  wheels  K  take  their  motion  direct  from  the  pulley  shaft  L, 
which  is  driven  with  pulleys  3  feet  diameter  and  6  inches 
wide,  and  runs  at  about  90  revolutions  per  minute,  giving  about 
60  revolutions  per  minute  for  the  drills. 
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The  applicataon  of  the  spur  mitre  wheels  II,  Figs.  17  to  20,  in 
this  machine,  for  driving  the  drill  spindles,  enables  the  spindles  to 
be  arranged  in  such  a  manner  that  they  are  capable  of  being  moved 
to  suit  different  pitches  of  holes.  In  consequence  however  of  the 
wheels  II  being  3|  inches  diameter,  holes  conld  not  be  drilled  at  a 
less  pitch  than  that  dimension  with  a  single  driving  shaft  J ;  bnt 
another  application  of  the  same  mode  of  driving  is  shown  in 
Figs.  17  to  20,  by  means  of  which  the  drill  spindles  can  be  got  to 
within  2^  inches  from  centre  to  centre,  with  the  same  diameter 
of  driving  wheels  I :  this  is  e£Pected  by  using  two  long  steel  driving 
shafts  J  J,  instead  of  a  single  one  as  previously  described,  each  shaft 
driving  every  alternate  drill  spindle. 

The  hydraulic  cylinders  CO,  Figs.  15  and  16,  are  similar  to 
those  of  hydraulic  presses,  and,  are  used  to  raise  the  table  with 
the  work  on  it  up  to  the  drills,  instead  of  glaring  which  would 
necessarily  be  much  slower.  A  pair  of  strong  1^  inch  diameter 
pumps,  worked  by  eccentrics  on  a  shaft,  force  water  into  an 
accomulator,  which  consists  of  an  upright  cylinder  fitted  with  a 
piston  properly  weighted;  and  there  is  a  self-acting  apparatus 
which  throws  the  pumps  out  of  gear  when  the  accumulator  is  fuU. 
The  hydraulic  cylindeirs  are  connected  with  the  accumulator  by  a 
two-way  cock;  and  oni  taming  the  water  on,  the  table  B  immediately 
rises.  When  the  pressure  is  to  be  removed,  turning  the  cock  back 
stops  the  pressure  from  the  accumulator,  and  at  the  same  time 
allows  the  water  to  escape  from  the  cylinders,  causing  the  table  to 
fidl  immediately.  The  working  pressure  of  water  is  about  3  cwts.  per 
square  inch,  which  produces  a  pressure  of  about  6  cwts.  per  drill. 
A  plate  is  drilled  in  12  to  15  minutes.  A  strong  parallel  motion 
gear  M  is  fixed  under  the  drill  table  B  to  prevent  it  from  lifting  at 
one  end  when  only  the  drills  at  the  other  end  are  being  used,  or 
when  only  one  row  is  in  use. 

These  drilling  machines  are  now  being  used  by  Messrs.  Kennard 
for  drilling  the  plates  and  bars  required  in  the  main  girders  of  the 
new  bridge  to  be  placed  over  the  Thames  at  Blackfriars.  The  truth 
of  the  drilled  holes  is  so  complete  that  when  a  number  of  plates 
^ih  holes  drilled  for  1  inch  pins  are  put  together  indiscriminately, 
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and  four  turned  pins  passed  tlirongh  the  comer  holes,  the  holes  fit 
so  accurately  thronghont  the  entire  lot  of  plates  that  a  pin  1  inch 
diameter  can  be  driven  through  the  lot  at  any  hole  with  a  light 
hand  hammer.  In  consequence  of  this  superiority  of  the  work,  a 
great  diminution  in  the  cost  of  labour  takes  place  in  putting  the 
parts  together,  saving  the  drifting  of  the  holes  and  the  strain  put 
upon  the  plate  which  necessarily  takes  place  when  nvetting 
punched  holes.  In  addition  to  this  the  fibre  of  the  iron  retains  all 
its  strength  and  tenacity,  and  there  can  be  no  doubt  that  the  ezin 
work  of  manu£Ebcture  is  fully  compensated  for  by  the  greater 
strength  of  construction,  and  the  decrease  of  cost  in  putting  the 
plates  together. 

Several  other  useful  machines  are  constructed  for  bridge  and 
ship  building  purposes,  amongst  which  may  be  named : — a  machine 
for  shearing  plates  up  to  1  inch  thick  with  revolving  circular  shean; 
machines  for  planing  plates  with  a  tray^ng  tool,  and  also  with 
a  revolving  circular  disc  containing  a  number  of  tools;  and 
machines  for  bending  garboard  strakes,  angle  iron,  and  deck  beasu 
for  ships. 

A  Nut  Making  Machine  is  shown  in  vertical  section  in 
Figs.  23  to  25,  Plates  68  and  69 ;  the  principal  features  of  which 
are  the  manufacture  of  nuts  from  a  heated  bar  of  iron  at  a  single 
operation,  by  cutting  off  from  the  bar  a  piece  to  form  the  blank, 
which  is  swaged  into  shape  and  the  hole  pundied  through  it  while 
still  hot.  The  bhmk  is  powerftdly  compressed  between  the  pair  of 
swages,  while  in  the  dieboz,  before  the  hole  is  punched,  in  order  to 
make  the  nut  solid  and  to  shape  it  with  smoothness  and  precision; 
and  the  hole  is  then  punched  while  the  nut  is  still  confined  in  tiie 
dieboz  and  under  the  heavy  pressure  of  the  swages,  so  that  it  is 
prevented  from  bursting  or  straining  during  the  operation  of 
punching.  Figs.  24  and  25,  Plate  69,  illustrate  the  working  of  the 
machine,  in  which  the  end  of  the  heated  bar  A  being  pushed  up  to 
the  stop  B  is  cut  off  by  the  descent  of  the  dieboz  G  on  to  the 
stationary  die  J ;  and  the  blank  cut  off  being  enclosed  in  the  dieboz  G 
is  then  subjected  to  seyere  compression  by  the  descent  of  the  upper 
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swage  Ij  which  works  within  the  dieboz  C  and  fills  it  closely. 
The  blank  is  then  punched  by  the  descent  of  the  punch  D,  whilst 
still  under  compression  in  the  diebox  G ;  and  the  finished  nut  is 
liberated  by  the  rising  of  the  diebox  C  and  punch  D,  whilst  the 
upper  swage  I  remains  stationaiy  and  pushes  the  nut  out  below. 

The  diebox  C,  Figs.  24  and  25,  is  carried  on  the  crosshead  E, 
aud  consists  of  a  cast  iron  block,  into  which  is  fitted  the  steel 
die  haying  a  hole  to  correspond  with  the  shape  of  nut  required 
to  be  made.  The  die  is  held  down  in  the  diebox  by  a  circular 
wrought  iron  plate  or  washer  let  into  the  recess  in  the  top 
of  the  block.  The  upper  swage  I  is  made  of  steel,  and  corresponds 
in  size  and  shape  with  the  diebox  in  which  it  is  to  work ;  the  uppe^ 
end  is  enlarged,  to  prevent  it  from  dropping  out  when  the  diebox 
rises.  The  hole  drilled  through  the  centre  of  the  upper  swage  I, 
lor  the  punch  D  to  work  through,  is  made  larger  at  the  upper  end, 
and  small  enough  at  the  lower  end  for  about  half  an  inch  of  its 
lengih  to  fit  the  bottom  end  of  the  punch  D,  which  makes  the  hole 
in  the  nut.  The  bottom  face  of  this  swage  I  is  slightly  recessed,  in 
order  to  form  the  impression  of  a  washer  upon  the  upper  fitce  of  the 
nut.  The  lower  swage  or  stationaxy  die  J  is  made  of  steel,  and  has 
also  a  hole  through  its  centre  for  the  reception  of  the  burr  punched 
out  by  the  punch  D. 

The  end  of  the  heated  bar  A,  Fig.  24,  is  laid  upon  the  rest  F, 
which  is  fixed  upon  the  crosshead  E  that  carries  the  diebox ;  and  as 
soon  as  the  knocker  G,  Fig.  23,  has  passed  from  between  the  upper 
and  lower  swages,  the  bar  is  pushed  forwards  up  against  the  stop  B, 
as  shown  in  Fig.  24.  The  cam  H,  Fig.  23,  upon  the  main  driving 
shaft  O  of  the  machine,  then  depresses  the  crosshead  E  by  means 
of  the  lever  K ;  and  the  blank  to  form  the  nut  is  thus  sheared  off 
firom  the  end  of  the  bar  A  by  the  diebox  G,  and  enclosed  within  the 
diebox,  as  seen  in  Fig.  25.  For  although  the  diebox  C,  at  the 
moment  of  begixming  to  descend,  is  filled  by  the  swage  I,  there  is 
nothing  to  cause  the  descent  of  this  swage  until  after  the  blank  has 
been  sheared  off  and  enclosed  in  the  diebox ;  then  the  crosshead  £ 
comes  in  contact  with  the  check  piece  L,  which  presses  upon  the 
top  of  the  swage  I,  and  the  ftirther  descent  of  the  crosshead  through 
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the  last  portion  of  its  stroke  thereby  compresses  the  blank  between 
the  swages  I  and  J,  while  still  confined  in  the  diebox.  The  second 
cam  M,  Kg.  23,  npon  the  cam  shaft  O,  now  draws  down  the  other 
orosshead  N,  in  which  is  fixed  the  pnnch  D,  Pig.  25,  for  perforating 
the  blank.  The  cams  H  and  M  are  so  shaped  that  the  pnnch  is 
made  to  pass  down  throngh  the  blank  and  ont  again,  before  the 
blank  is  relieved  from  the  pressure  of  the  swages ;  so  that  the  metal 
is  strongly  compressed  both  before  the  punching  and  during  the 
whole  time  the  punching  is  being  performed.  After  the  punch  has 
been  withdrawn,  the  diebox  C  is  carried  up  again  by  the  retora 
motion  of  the  cam  H ;  and  the  finished  nut  being  tight  in  the 
diebox  would  be  carried  up  with  it,  but  the  swage  I  is  prevented 
from  rising  through  more  than  half  the  stroke  of  the  diebox, 
by  means  of  the  set  screw  P,  Fig.  24,  which  stops  the  ascent  of 
the  check  piece  L.  The  nut  is  thus  pushed  out  of  the  diebox  by 
the  swage  I,  and  is  ready  to  be  knocked  off  by  the  revolving 
arm  G,  Fig.  23,  which  is  driven  by  bevil  wheels  from  the  cam 
shaft  O. 

The  dies,  swages,  and  punch  are  so  fixed  to  the  machine  that  thej 
can  easily  be  removed  and  replaced  by  others  of  different  sizes :  bj 
this  means  the  same  machine  may  be  used  for  making  nuts  of  various 
sizes  and  shapes.  Two  of  these  machines  have  now  been  at  work 
at  the  writer's  works  in  Manchester  for  upwards  of  five  years.  With 
the  aid  of  a  good  furnace,  from  15  to  20  cwts.  of  |  or  1  inch  nuts 
can  be  produced  in  a  working  day  of  10  hours,  the  machine  rnnning 
at  60  revolutions  per  minute.  All  the  nuts  possess  the  same  degree 
of  accuracy  in  shape,  the  sides  being  parallel  to  each  other,  and  the 
hole  being  punched  perfectly  central  whilst  the  nut  is  under  pressure 
in  the  diebox.  The  iron  is  fed  into  the  machine  at  a  welding  heat, 
and  the  pressure  put  upon  it  by  the  swages  in  the  diebox  has 
the  effect  of  closing  up  the  fibres  of  the  iron,  as  seen  in  the  samples 
exhibited,  making  the  nuts  very  much  stronger  than  those  foraged  in 
the  ordinary  vray  by  hand.  The  holes  punched  are  perfectly  dean 
and  regular,  and  have  no  scale  inside  them  to  injure  or  chafe  the 
threads  of  the  taps,  when  being  screwed. 
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A  Bolt  Heading  Machine,  similar  in  some  of  its  principal 
parts  to  the  nut  making  machine  jnst  described,  is  shown  in 
Figs.  26  and  27,  Plates  70  and  71.  Fig.  26  is  a  general  plan  of 
the  machine,  and  Fig.  27  is  a  sectional  plan  to  a  larger  scale, 
showing  the  arrangement  and  operation  of  the  dies  and  the 
heading  swage.  The  dies  A  and  B,  Fig.  27,  which  enclose  the 
long  end  of  the  bolt  G  to  be  headed,  are  divided  longitudinally 
down  the  centre,  one  half  A  being  carried  by  the  stationary 
brackets  D,  and  the  other  half  B  by  the  shearing  slide  E,  to 
which  a  reciprocating  motion  is  given  by  the  cam  F,  Fig.  26. 
At  the  outer  end  of  the  stationary  die  A  is  fixed  a  steel  cutter  I 
of  exactly  the  same  form  as  the  die  A ;  and  in  a  similar  position 
in  the  shearing  slide  E  is  a  corresponding  steel  cutter  J,  projecting 
for  the  purpose  of  cutting  off  from  the  bar  of  iron  the  length  G 
for  making  the  bolt.  The  dies  A  and  B  are  made  in  short 
lengths,  so  that  the  total  length  can  be  increased  or  diminished 
by  inserting  pieces  of  different  thickness,  whereby  bolts  can  be 
made  of  any  length  from  1  up  to  12  inches ;  the  remainder  of 
the  space  being  filled  up  by  packing  pieces,  and  the  whole  firmly 
held  together  by  the  bolts  G. 

The  bar  of  iron  for  forming  the  bolt  G,  Fig.  27,  heated  to  a 
welding  state  for  a  short  distance  only  at  the  end,  and  of  the  same 
diameter  as  the  screwed  portion  of  the  bolt,  is  inserted  between 
the  dies  A  and  B  while  open,  and  pushed  in  up  to  the  heading 
swage  H,  the  length  of  which  is  adjustable  so  as  to  measure  off 
the  iron  to  the  correct  length  for  making  bolts  with  different 
thicknesses  of  head.  As  soon  as  the  bar  is  inserted  between'  the 
dies,  the  shearing  slide  E  carrying  the  die  B  and  cutter  J  being 
pressed  forwards  by  the  cam  F  cuts  off  the  length  G  for  forming 
the  bolt ;  the  cutter  and  die  B  then  remain  stationary  in  this 
position  and  hold  the  bolt  G  fimdy  between  the  dies  A  and  B  until 
the  formation  of  the  head  is  completed.  The  diebox  K  is  now  moved 
forwards  by  the  cams  L  and  slide  M,  until  it  touches  the  faice  of  the 
dies  A  B  ;  when  immediately  the  centre  ram  N  carrying  the  heading 
swage  H  is  advanced  by  the  cam  O,  and  compresses  the  heated 
metal  so  as  to  fill  the  diebox  K  and  form  the  bolt  head.     The 
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heading  swage  H  tben  remaiiis  stationary  whilst  the  diebox  K  is 
drawn  back  clear  of  the  bolt  head,  when  the  swage  also  retires  to 
its  original  position.  The  shearing  slide  E  is  then  withdrawn  by 
the  cam  F,  leaving  the  bolt  C  in  the  stationary  half  A  of  the 
dies  ;  and  a  knocker  P  actuated  by  a  cam  at  the  side  of  the  krge 
wheel  B.,  Fig.  26,  strikes  the  finished  bolt,  and  disdiarges  it  from 
the  dies. 

This  machine  makes  abont  30  strokes  per  minute,  and  is  capable 
of  producing  a  bolt  at  each  stroke,  provided  it  be  supplied  with  the 
iron  at  a  proper  heat.  The  bar  of  iron  is  heated  only  at  thai 
portion  which  is  to  form  the  head,  the  remainder  or  bolt  end  being 
cut  off  cold.  The  object  of  this  is  to  prevent  the  bolts  from  being 
scaled  their  whole  length  through  the  action  of  the  fire.  Some 
sample  bolts  made  by  one  of  these  machines  are  exhibited  to  the 
meeting.  The  ram  N  carrying  the  heading  swage  H  is  acted  upon 
by  the  cam  O  through  the  intervention  of  a  lever  S,  through  which 
the  whole  pressure  is  transmitted ;  and  the  bottom  end  of  this 
lever  is  centred  upon  an  oak  beam  fixed  inside  the  framing  of  the 
mai^hine,  which  being  slightly  elastic  prevents  the  machine  from 
being  broken  in  the  event  of  more  iron  being  inserted  into  it  than 
is  required  to  make  the  bolt  head.  In  consequence  of  this  provision 
a  bolt  has  been  made  without  breaking  the  machine  with  a  head  as 
much  as  1-^  inch  thick,  when  the  dies  were  set  to  make  it  only  f  inch 
thick  :  this  bolt  is  also  exhibited  to  the  meeting. 

There  are  a  great  variety  of  special  tools,  for  railway  and 
machine-making  purposes,  which  the  writer  has  been  obliged  to 
pass  over,  and  which  would  form  ample  material  for  another  paper. 

In  conclusion  it  may  be  remarked  that  the  opinion  is  now 
universal  that,  without  extraordinary  strength,  rigidity,  and  power 
in  tools,  their  work  cannot  be  accomplished  either  quickly  or  well. 
Accuracy  in  the  manufacture  of  tools  and  their  universal  appHcation 
have  had  a  great  effect  in  the  perfection  of  the  work  executed  and 
in  the  facility  and  economy  of  its  performance.  By  the  assistanoe 
of  gauges  for  different  parts  of  machinery,  the  advantages  of 
engineering  tools  have  been  more  frilly  realised ;  and  no  engineering 
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woric  of  whatever  magnitade  need  now  reniadn  unaccomplished  for 
want  of  tools. 

Notwithstanding  the  length  of  time  during  which  the  improve- 
meat  of  tools  has  heen  in  progress,  and  the  great  advance  that  has 
heen  made,  it  may  he  said  that  at  the  present  time  there  is  a  wider 
field  for  improvement  than  ever,  and  a  constant  and  increasing 
demand  for  tools  of  novel  construction  for  special  purposes. 


The  PRBSlDEin*  remarked  that  they  were  greatly  indebted  to 
Mr.  Fleteher  for  his  veiy  interesting  paper  just  read,  which  had 
been  kindly  prepared  by  him,  as  one  of  the  oldest  manufiu^torers  of 
heavy  engineering  tools  in  the  country,  in  compliance  with  the 
special  request  of  the  Local  Committee,  for  the  occasion  of  the 
present  meeting  of  the  Institution  in  Glasgow. 

He  enquired  respecting  the  nut  making  machine  described  in 
the  paper,  what  quantity  of  nute  was  produced  by  the  machine  in 
r^rolar  work  before  the  punch  and  dieboz  required  facing  up  again, 
and  whether  the  punch  and  dieboz  did  not  get  hot  in  working. 

Mr.  Flstoheb  replied  that  the  punch  and  die  generally  required 
fiicing  up  about  once  a  day,  and  lasted  about  six  or  seven  months  in 
almost  constant  use  before  requiring  to  be  replaced :  they  produced 
on  the  average  about  a  ton  of  nuts  without  facing  up.  A  large  jet 
of  cold  water  was  kept  constantly  playing  upon  the  punch  to  prevent 
its  becoming  hot ;  and  with  the  machine  running  at  the  speed  of 
60  to  70  revolutions  per  minute,  the  time  that  the  heated  metal  was 
in  the  dieboz  was  so  short  that  it  scarcely  produced  any  effect  in 
heating  the  dies.  At  first  the  machine  had  been  run  at  30  to  40 
strokes  per  minute,  but  the  speed  was  afterwards  increased  to  50 
and  then  to  70  revolutions  per  minute,  as  it  was  found  the  fiatster  it 
was  driven  the  better  was  the  dieboz  kept  from  heating.  Beyond 
70  revolutions  per  minute  however  he  did  not  think  the  workman 
could  keep  up  with  the  feeding,  which  had  to  be  learned  by  practice, 
the  same  as  in  working  other  machines  running  at  high  speeds. 
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The  bar  of  iron  from  which  the  nnts  were  made  had  to  be  tnnied 
over  at  each  time  of  feeding,  because  the  diebox  in  shearing  off  the 
piece  of  iron  to  form  the  nut  bevilled  the  edge  of  the  iron  a  litUe ; 
but  by  turning  it  over  each  time  the  bevil  was  reversed  for  the  next 
nut,  and  the  nuts  were  thus  made  all  sound  and  solid  thronghoat 
without  any  deficiency  of  metal  or  any  imperfect  places  upon  the 
external  surfaces.  The  workman  soon  became  expert  by  practice  in 
turning  the  bar  of  iron  and  feeding  the  machine  with  perfect 
regnlarity  up  to  the  speed  of  about  70  revolutions  per  minute. 

The  President  enquired  whether  the  common  iron  was  found 
good  enough  to  make  nuts  from  by  the  machine. 

Mr.  Fletcheb  exhibited  some  specimens  of  the  nuts  made  by  the 
machine  from  common  iron,  which  had  been  split  open  afterwards 
by  a  taper  punch  for  the  purpose  of  showing  the  nature  of  the 
fracture,  and  it  was  seen  in  all  of  these  that  the  metal  was  closelj 
compressed  and  condensed  and  made  thoroughly  sound  in  the 
process  of  forming  the  nut.  The  hot  iron  blank  was  confined  in 
the  diebox  and  compressed  by  a  heavy  pressure  during  the  operation 
of  punching  out  the  bolt  hole,  and  it  was  found  that  by  this  means 
the  nuts  made  by  the  machine  from  common  iron  were  as  strong  as 
nuts  made  from  best  iron  punched  in  the  ordinary  way.  Some  of 
these  nut  making  machines  had  now  been  at  work  in  Glasgow  for 
several  years. 

Mr.  W.  MgLellan  said  he  had  two  of  the  nut  making  machines 
now  at  work,  which  had  been  working  regolarly  for  about  two  yean 
in  Glasgow,  and  were  found  to  answer  very  well  indeed.  In  first 
beginning  to  work  them,  the  machines  had  been  driven  at  onlj 
about  50  revolutions  per  minute,  as  it  was  feared  the  workman 
would  not  be  able  to  feed  at  a  higher  speed:  afterwards  however 
the  speed  was  increased  to  60  revolutions  per  minute,  at  which  the 
machine  was  found  to  work  better ;  the  tools  lasted  longer,  without 
so  many  breakages  as  at  the  lower  speed  of  50  revolutions.  With 
regard  to  ieucmg  the  dies,  he  had  found  they  would  work  considerably 
longer  than  had  been  stated  before  requiring  facing  up,  for  the 
machines  at  his  works  had  turned  out  as  much  as  2|  tons  of  nnts 
each  with  one  set  of  dies  without  facing  up. 


Digitized  by  VjOOQ  IC 


HEAYT  EKaiNEEBINO  TOOLS.  211 

Mr.  J.  Kennan  enquired  what  metal  the  dies  were  made  of  in 
the  nut  making  machine,  whether  steel  or  chilled  cast  iron. 

Mr.  Fletcher  replied  that  he  had  nsed  chilled  cast  iron,  malleable 
cast  iron,  and  steel  for  the  dieboxes,  and  had  found  that  ordinary 
cast  iron  chilled  was  abont  the  best  material  for  the  purpose ;  the 
swages  and  punch  working  through  the  diebox  had  never  been 
made  of  anything  but  steel. 

Mr.  H.  Maudslay  remarked  that  the  gradual  introduction  of 
drilling  machines  during  the  last  few  years  for  making  the  rivet 
holes  in  plates  of  girders  and  bridge  work  generally,  in  place  of 
punching  them  as  formerly,  appeared  to  be  attributed  in  the  paper 
just  read  to  the  defective  character  of  the  work  performed  by  the 
punching  machine,  and  the  difficulty  of  getting  a  good  joint  with 
two  punched  plates  rivetted  together.  This  however  he  thought 
was  not  the  case ;  and  when  it  was  considered  that  the  pxmching 
machine,  since  its  invention  as  a  self-adjusting  and  self-feeding 
machine  by  the  late  Henry  Maudslay  some  forty  years  ago,  had 
been  increasingly  employed  for  all  rivetted  work,  and  had  been 
adopted  for  iron  shipbuilding  purposes  in  all  the  dockyards  in 
the  country,  while  it  was  also  employed  at  the  present  time  in 
the  manufacture  of  steam  boilers  for  working  at  pressures  up  to 
250  lbs.  per  square  inch,  he  thought  the  modem  practice  of  drilling 
the  rivet  holes  for  bridge  work  could  not  be  accounted  for  by  the 
workmanship  produced  by  the  punching  machine  being  inferior. 
The  real  reason  he  believed  was  to  be  found  in  the  circumstance 
that  in  ordinary  boiler  work  there  were  only  two  plates  to  be 
rivetted  together,  with  a  lap  joint,  and  the  rivet  holes  were  all 
along  the  edges  of  the  plates ;  but  in  the  present  construction 
of  large  plate-iron  girders,  where  the  thickness  of  the  girder  was 
made  up  by  four  or  five  plates  rivetted  together  with  butt  joints, 
the  plates  were  arranged  to  break  joint  with  one  another,  so 
that  there  should  not  be  more  than  one  butt  joint  at  any  one 
place ;  and  consequently  the  rivet  holes  came  in  all  positions  in  the 
plates,  from  the  edges  to  the  centre,  and  no  punching  machine  that 
had  ever  been  made  would  be  large  enough  to  take  in  all  the  plates, 
for  punching  through  all  the  thicknesses  simultaneously,  nor  could 

0  2 


Digitized  by  VjOOQ  IC 


212  HEAVY  ENQINBERING  TOOLS. 

the  plates  be  punclied  separately  with  sufficient  regularity  in  the 
position  of  the  holes  for  enabling  them  to  come  together  afterwards 
with  the  perfect  accuracy  necessary  in  that  description  of  work.  It 
was  therefore  inevitable  to  resort  to  drilling  for  that  sort  of  work,  in 
order  to  have  the  means  of  making  the  holes  in  any  position  in  the 
plates,  and  with  such  regularity  that  they  should  correspond  with 
perfect  accuracy  throughout  the  whole  series  of  plates. 

Mr.   Fletcher    explained   that   in    alluding   to   the   defective 

workmanship  of  punching  machines  for  maJdng  rivet  holes  he  kad 

referred  only  to  the  case  of  wrought  iron  bridge  building,  where 

girders  were  composed  of  a  number  of  thicknesses  of  plates  nvetted 

together.     If  punched  holes  were  employed  in  that  description  of 

work,  they  were  inevitably  made  slightly  tapering  by  the  process  of 

punching;    and  when  five  or  six  punched  plates  were  bronght 

together  for  rivetfcing  up,  the  rivet  could  only  be  made  to  fill  the 

holes  in  the  two  outside  plates,  and  merely  passed  through  the  inside 

plates,  without  touching  them  except  just  at  the  smallest  part  of  the 

hole.   For  ordinary  boiler  making  and  similar  purposes,  where  there 

were  only  two  plates  to  be  rivetted  together,  it  was  perhaps  possible 

that  punched  holes  might  make  a  stronger  joint  than  drilling,  if 

care  was  taken  to  punch  the  holes  the  right  way  and  then  put  the 

plates  together  with  the  small  ends  of  the  holes  next  to  each  other; 

but  even  then  the  holes  would  not  be  any  better  filled  by  the  rivets 

than  they  would  be  if  made  by  drilling,  and  drilling  gave  the  means 

of  filling  the  holes  completely  by  the  rivets  through  any  nmnber  of 

plates  that  had  to  be  put  together.     But  as  to  injuring  the  quality 

'    of  the  iron  round  the  hole,  there  was  no  doubt  that  punching  mnst 

do  so  to  some  extent,  by  the  splitting  strain  put  upon  the  metal  by  the 

punch ;  and  this  was  clearly  shown  by  cutting  open  plates  rivetted 

with  punched  holes  and  with  drilled  holes,  when  the  difference 

in  the  state  of  the  metal  round  the  holes  in  the  two  cases  was 

plainly  seen. 

The  President  enquired  whether  any  difficulty  had  been  found  in 
the  multiple  drilling  machine,  from  the  drills  not  working  equally 
after  they  had  worked  a  length  of  time,  and  thereby  not  drilling  the 
holes  with  the  required  accuracy  in  the  plates. 
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Mr.  Fletcher  replied  that  there  had  not  been  the  slightest 
difficoliy  from  that  canse,  and  the  whole  of  the  work  done  by  the 
drilUng  machine  was  so  uniform  that  the  plates  were  put  together 
indiscriminately  with  perfect  accnracy.  He  had  seen  a  girder  some 
time  ago  at  Messrs.  Kennard's  works  at  Cmmlin,  in  which  there 
were  four  thicknesses  of  plate  in  the  flanges  and  six  thicknesses  at 
the  joints,  all  with  holes  drilled  by  one  of  these  machines,  put 
together  ready  for  rivetting  np ;  and  in  walking  over  a  length  of 
200  feet  along  the  top  of  the  girder  with  an  iron  rod  turned  to  the 
size  of  the  drilled  holes,  he  had  been  able  to  drop  the  rod  easily 
through  all  the  four  or  six  thicknesses  of  plates  at  every  hole  that 
he  had  tried.  The  saving  of  time  therefore  in  putting  such  a  girder 
together  and  rivetting  up  must  be  very  great  indeed  as  compared 
with  a  girder  constructed  of  punched  plates.  In  making  the  holes 
in  the  plates  he  did  not  think  there  would  be  much  difference  in 
time  between  punching  and  drilling;  and  in  respect  of  cost,  probably 
drilling  would  be  cheaper  than  punching,  where  there  was  a  large 
quantity  of  work  to  be  done  and  a  set  of  men  properly  trained  to  it. 
There  could  be  no  question  therefore,  he  considered,  that  in  bridge 
work  especially  drilHng  was  &x  superior  to  pxmching  for  the  rivet 
holes.  In  the  multiple  drilling  machine  shown  in  the  drawings,  the 
plates  to  be  drilled  were  placed  on  a  stage  close  by  the  machine,  ready 
to  be  slided  upon  the  drill  table ;  one  man  and  a  boy  attended  the 
machine,  and  put  the  plate  on  and  removed  it  when  drilled.  During 
the  drilling  the  plate  was  entirely  immersed  in  soap  and  water,  in 
which  the  drills  worked;  and  if  anything  went  wrong,  the  drill 
table  was  let  down  immediately  by  shutting  off  the  water  pressure 
from  the  accumulator,  and  was  afterwards  raised  up  again  to  its 
work  with  the  greatest  readiness  by  turning  on  the  pressure 
again. 

Mr.  J.  Vernon  remarked  that  at  the  Liverpool  meeting  of  the 
Institution  in  last  year  he  had  exhibited  some  specimens  of  plate 
that  had  been  rivetted  together  with  punched  holes  and  with  drilled 
holes,  and  had  been  afterwai*ds  cut  open  down  the  centre  of  the 
rivets  so  as  to  show  in  both  cases  how  the  rivets  filled  the  holes ; 
said  it  was  then  clearly  seen  that  the  rivets  filled  the  punched  holes 
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as  perfectly  as  they  did  the  drilled  holes.  From  his  own  ezperionoe 
also  he  ftdlj  concurred  in  the  opinion  that  it  was  not  beoaose  work 
was  nnsonnd  and  imperfect  when  done  with  punched  holes  that 
drilling  was  reqnired  to  be  resorted  to :  drilling  had  its  advantages 
and  might  be  largely  applied ;  bat  it  was  not  the  case,  he  believed, 
that  pnnched  work  when  carefnlly  prepared  was  imperfect  or  inferior 
work.  With  respect  to  accuracy  in'  the  position  of  the  holes,  be 
thought  as  great  accuracy  might  be  attained  with  punched  hdes  aa 
with  drilled  holes ;  and  he  had  had  a  punching  machine  in  operatioii 
at  his  own  works  for  several  years  past,  which  was  capable  by  a 
self-acting  motion  of  pimohing  a  whole  boiler  plate  throngknit 
every  part  with  as  complete  accuracy  as  could  be  attained  in  any 
drilled  work  that  could  be  produced. 

Mr.  D.  Adamson  observed  that,  having  had  finequent  opportimitifiB 
of  witnessing  the  testing  of  high  pressure  steam  boilers,  sometiiDCB 
with  punched  rivet  holes  and  sometimes  with  drilled  hdes,  he 
had  come  to  the  conclusion  that  no  one  who  had  had  ezperienoe 
of  drilled  holes  in  that  particular  class  of  work  wonld  be 
likely  to  attempt  to  use  punched  holes  again  for  such  purposes. 
However  carefully  a  pxmching  machine  might  be  arranged,  and 
however  well  the  work  might  be  put  together,  there  still  remained 
the  objection  which  had  been  mentioned,  that  the  punched 
holes  were  always  conical,  rendering  it  a  difficulty  to  fill  the  holes 
completely  in  hand  rivetting.  Several  boiler  explosions  which  he 
had  seen  might  be  entirely  attributed,  he  believed,  to  that  dass  of 
bad  work.  In  the  case  of  an  explosion  that  occurred  some  years  ago 
at  Huddersfield,  he  had  examined  the  boiler  afterwards,  and  had  not 
found  a  single  instance  in  which  the  rivet  filled  the  rivet  hole 
completely  from  one  side  of  the  plate  to  the  other,  and  there  were 
very  few  rivet  holes  that  were  at  right  angles  to  the  plates,  the 
rivetting  being  exceedingly  bad  and  the  punching  exceedingly  bad 
also.  In  punching  holes  too  much  depended  on  the  care  exercised 
by  the  workman,  and  he  had  foxmd  that  boiler  plates  punched  on 
Monday  were  not  done  so  well  as  those  punched  later  in  the  week, 
from  the  men  not  being  so  careM  and  accurate  on  the  first  day  of 
their  week's  work  as  they  were  afterwards  when  they  had  got  more 
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into  it.  It  was  therefore  very  desirable  to  take  it  out  of  the  power  of 
the  men  to  prodnce  defective  work ;  and  he  had  accordingly  adopted 
ihe  plan  of  not  only  drilling  the  holes  in  all  boiler  plates  that  were 
to  be  subjected  to  a  high  pressnre,  but  also  drilling  the  two  plates 
together  in  the  position  in  which  they  were  to  be  rivetted  np,  in 
order  to  allow  correctly  for  the  cnrvatnre  of  the  plates ;  so  that  it 
ahonld  be  impossible  for  the  workman  to  prodnce  irregnlar  holes, 
and  that  when  the  plates  were  rivetted  together  all  the  holes  should 
comcide  exactly,  and  every  rivet  should  take  its  proper  share  of 
the  strain. 

In  the  case  of  the  longitudinal  seams  of  large  boUers,  say 
6  feet  diameter  made  of  9-16ths  inch  plates  to  carry  100  lbs.  steam, 
he  considered  the  single  rivetted  joint  with  punched  holes  was 
exceedingly  unsafe  on  account  of  the  g^eat  shearing  strain  to  which 
the  rivets  were  subjected.  Moreover  although  in  a  single  test  such 
a  boiler  might  appear  tight  up  to  the  testing  pressure,  it  would  be 
found  that  by  afterwards  raising  the  pressure  again  rapidly  up  to 
the  testing  amount  the  joints  would  not  be  tight  in  the  second  test, 
but  would  exhibit  a  slight  leakage  or  sweating  in  many  places, 
which  would  be  continued  and  increased  in  any  subsequent  testing 
when  the  pressure  was  raised  quickly.  It  was  therefore  not 
sufficient  to  try  boilers  by  a  single  test,  but  a  prolonged  trial  was 
necessary,  repeating  the  test  say  fifty  times  in  a  day  with  intervals  ; 
and  haviug  adopted  this  mode  of  testing  he  had  found  that,  in 
testing  punched  boilers  for  a  day  together,  every  time  the  pressure 
was  put  on  there  was  more  or  less  trickling  from  the  joints  ;  but 
with  drilled  holes  the  work  was  much  more  to  be  depended  upon, 
and  ihesre  was  less  of  the  ordinary  sweating  at  the  joints,  nor  was 
any  serious  leakage  ever  produced  by  repeatedly  putting  up  the 
pressure  rapidly.  Hence  for  locomotive  boilers  especially,  subjected 
as  they  were  to  such  rapid  variations  of  pressure,  it  appeared 
highly  desirable  that  aU  the  rivet  holes  should  be  drilled,  and  also 
that  the  two  plates  should  be  drilled  both  together  in  the  position 
in  which  they  were  to  be  rivetted. 

In  boilers  of  very  large  diameter,  such  as  7  feet  diameter  with 
plates  f  inch  thick,  single-rivetted  joints  became  impracticable, 
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wliether  the  holes  were  drilled  or  punched ;  because  the  extra 
thickness  at  the  lap  of  the  joint  threw  the  plates  so  much  out  of 
the  true  circle  that  every  time  the  pressure  came  upon  them  it 
sprung  the  joint  with  a  force  which  inevitably  produced  leakage 
when  only  a  single  row  of  rivets  was  used.  No  doubt  a  great  deal 
of  the  external  corrosion  observed  in  boilers  was  due  to  the 
continual  small  leakages  produced  in  this  way  by  the  vanations  of 
pressure.  But  a  more  serious  evil,  especially  in  locomotive  boilers, 
was  that  this  constant  springing  of  the  joint  had  ultimately  the 
effect  of  exfoliating  the  interior  surface  of  the  plates  all  along  the 
seam  ;  and  the  iron  became  guttered  along  the  edges  of  the  plates 
to  such  a  depth  through  the  thickness  of  the  metal  that  in  some 
cases  locomotive  boilers  had  exploded  whilst  working  at  no  higher 
than  the  ordinary  pressure. 

It  was  true  that  in  rivetting  up  punched  work  with  the  steam  or 
power  rivetting  machine  the  rivets  might  be  made  to  fill  the  holes, 
but  it  did  not  follow  that  work  so  put  together  was  as  strong  as  if 
the  holes  had  been  drilled;  for  on  planing  open  the  joint  in  the 
punched  work  it  would  be  found  that  there  was  more  or  less 
irregularity  in  the  holes,  and.  therefore  the  rivets  would  not  all  of 
them  take  their  proper  share  of  the  strain  along  the  whole  length 
of  the  joint.  But  when  drilling  was  used  and  all  the  holes  were 
drilled  exactly  at  right  angles  to  the  plates,  and  when  the  rivets 
were  made  in  accurate  dies  so  as  to  contain  all  the  same  amount  of 
metal,  and  were  afterwards  put  in  the  holes  by  a  power  rivetting 
machine,  a  joint  was  ensured  which  probably  no  rivetting  would  be 
able  to  excel.  So  satisfied  was  he  of  the  advantages  of  drilling 
over  pxmching,  in  the  greater  security  and  tighter  work  obtained 
with  drilled  holes,  especially  in  the  case  of  boiler  work,  that  he 
hoped  in  a  short  time  to  carry  out  drilling  exclusively  at  his  own 
works,  and  to  abandon  punched  holes  altogether  for  any  description 
of  work  whatever.  A  still  further  step  remained  in  reference  to 
the  longitudinal  seams  of  boilers,  which  would  be  to  weld  up  the 
plates  along  the  joint,  so  as  to  avoid  having  any  rivetted  joint  for 
such  cases ;  and  he  had  been  led  to  conclude  that  this  would  prove 
the    only   ultimately  satis&ctory  plan,    as    he    considered   more 
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confidence  was  to  be  placed  in  the  welded  joint  than  in  the  best 
riyetted  joint  even  with  drilled  holes. 

Mr.  T.  Fleet  considered  that,  when  punching  was  done  careftdly 
and  accnratelj,  as  good  and  sound  work  could  be  produced  with 
punched  holes  as  with  drilled  holes.  It  appeared  to  be  thought 
tbat  in  drilling  there  was  not  so  much  liability  to  want  of  uniformity 
in  the  holes  as  in  punching  ;  but  in  the  multiple  drilling  machine 
shown  in  the  drawings,  if  the  drills  were  not  all  set  perfectly  true 
in  their  correct  positions  and  exactly  upright,  the  drilled  holes 
would  be  no  more  regularly  spaced  and  no  more  truly  at  right 
angles  to  the  plates  than  punched  holes  done  by  a  good  workman. 
Moreover  if  the  drills  were  not  properly  looked  after  by  the  man 
attending  the  machine,  he  might  as  easily  cause  defective  work 
to  be  turned  out  as  a  man  setting  plates  in  a  punching  machine. 
No  doubt  workmen  were  apt  to  be  not  so  efficient  at  their  work 
in  the  beginning  of  the  week  as  afterwards;  but  that  was  a 
matter  which  rested  with  the  masters  and  foremen,  and  no  work 
of  an  inferior  description  ought  to  be  allowed  under  any  pretext. 
It  was  certainly  the  case  that  in  punched  holes  there  was  a  little 
taper ;  but  by  properly  proportioning  the  size  of  the  punch  and  of 
the  hole  in  the  die,  the  degree  of  taper  might  be  reduced  to  so 
small  an  amount  as  not  to  be  injurious  ;  and  if  two  punched 
plates  were  put  together  with  the  smaller  ends  of  the  holes  next 
each  other,  the  work  would  be  made  as  good  as  it  was  possible  for 
it  to  be.  He  had  had  rivetted  joints  planed  through  down  to  the 
rivets  for  the  sake  of  trial,  and  had  found  the  punched  holes  were 
as  well  filled  by  the  rivets  and  the  work  was  as  good  and  sound  as 
when  the  holes  were  drilled.  It  was  only  within  the  last  few  years 
that  the  question  of  drilling  the  holes  for  boiler  plates  had  been 
raised ;  and  for  many  years  previously  boilers  with  punched  holes 
had  been  made  tight  and  fit  for  service,  and  wore  still  made  so,  nor 
had  he  known  of  an  explosion  occurring  with  any  boilers  made 
with  properly  punched  holes.  As  regarded  rivetting  more  than 
two  thicknesses  of  plates  together  in  bridge  work,  which  had  been 
said  to  be  not  so  safe  with  punched  holes^  as  with  drilled  holes,  he 
liad  not  found  any  deficiency  of  strength  with  pxmched  holes,  even 
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in  rivetting  as  many  as  four  or  fiye  thicknesses  of  plates  togeliher 
up  to  a  total  thickness  of  3f  or  4  inches  ;  and  in  all  such  cases  the 
work  so  put  together  with  punched  holes  had  stood  the  testmg 
without  any  difficnlty,  and  had  proved  thoroughly  sound  and  strong 
for  the  purposes  intended. 

In  reference  to  the  use  of  steam  rivetting  machines  for  putting 
in  the  rivets  instead  of  hand  rivetting,  that  question  had  heen 
considered  at  the  time  of  building  the  Britannia  Bridge,  in  the 
rivetting  work  of  which  he  had  been  engaged  ;  because  it  was  then 
thought  that  hand  rivetting  would  not  be  sufficiently  good  for  that 
class  of  work.  Wrought  iron  bridge  building  being  then  in  its 
infancy,  a  trial  was  made  of  the  comparative  value  of  the  Tnachrnfl 
rivetting  and  hand  rivetting,  by  cutting  out  a  number  of  rivets  put 
in  by  the  two  methods  ;  and  it  was  found  that  in  the  work  done  hj 
the  steam  rivetting  machine  the  holes  were  not  filled  up  so  well  as 
by  baud  rivetting,  and  the  rivets  put  in  by  hand  took  about  ten  or 
twelve  more  blows  to  knock  them  out  with  the  hammer  than  those 
put  in  by  the  machine :  the  bridge  was  accordingly  completed  with 
hand  rivetting.  Moreover  in  rivetting  by  machinery,  both  in  boiler 
making  and  in  bridge  work,  if  the  plates  were  not  brought  perfectly 
close  together  at  the  time  of  rivetting,  when  the  blow  came  on  the 
rivet  it  formed  a  sort  of  washer  between  the  plates,  which  prevented 
their  ever  being  closed  up  afterwards  ;  but  in  baud  riTetting  a  good 
rivetter  took  care  to  drive  the  rivet  &irly  into  the  hole  and  close 
the  plates  with  the  hammer  at  the  same  time  that  he  was  finishing 
the  rivet,  so  that  the  contraction  in  cooling  should  make  a  perfectly 
tight  joint. 

The  President  enquired  how  the  spur  mitre  wheels  driving  the 
drill  spindles  in  the  multiple  drilling  machine  were  found  to  wear, 
and  whether  malleable  cast  iron  had  been  tried  for  the  purpose. 

Hr.  Flbtcheb  replied  that  these  spur  mitre  wheels  were  found 
to  wear  very  well  indeed ;  he  exhibited  some  of  them  made  of  cast 
iron,  which  had  been  working  constantly  in  one  of  the  drilling 
machines  ever  since  it  was  started  nearly  twelve  months  ago,  and 
they  scarcely  showed  any  signs  of  wear  at  all.  Some  of  the  wheels 
on  the  horizontal  driving  shaft  had  been  broken  occasionally,  in 
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consequence  of  having  the  centre  hole  too  large  ;  these  had  broken 
through  jnst  at  the  key  groove,  owing  to  the  drill  happening  to  break 
JQst  at  the  moment  of  going  through  the  plate,  which  was  liable  to 
oocnr  now  and  then.  He  had  tried  malleable  cast  iron  for  the 
wheels,  but  found  it  would  wear  too  fast ;  and  the  wheelB  were  now 
made  therefore  of.  cast  steel,  of  which  specimens  were  exhibited,  in 
order  to  obtain  greater  strength,  and  he  had  never  had  any  of  the 
cast  steel  wheels  broken  in  the  machine.  When  only  a  single 
horizontal  driving  shaft  was  used,  having  some  50  wheels  keyed  on 
it  for  driving  the  drills,  the  torsion  was  of  course  very  great,  and  a 
large  diameter  of  shaft  was  required  to  give  sufficient  strength ; 
bnt  by  the  improved  plan  of  using  two  horizontal  driving  shafts, 
driving  the  alternate  drill  spindles,  each  shaft  had  only  half  the 
work  to  do,  and  a  smaller  size  of  shaft  could  therefore  be  used. 
The  shafts  were  made  of  cast  steel,  and  he  had  also  driven  each  shaft 
at  both  ends  ;  but  the  torsion  was  still  considerable  in  the  middle  of 
the  length,  and  caused  the  skew  wheels  to  rattle  a  little  in  working, 
as  the  drills  cut  harder  or  easier  in  the  metal. 

Mr.  J.  J.  BiRCKEL  enquired  why  the  skew  mitre  wheels  employed 
in  the  drilling  machine  had  been  applied  for  driving  the  drill 
spindles  in  place  of  ordinary  mitre  wheels.  He  thought  there  must 
be  much  more  friction  vrith  the  skew  wheels  than  with  ordinary 
mitre  wheels,  since  in  the  latter  the  friction  was  more  of  the  nature 
of  rolling  friction. 

Mr.  Fletcher  explained  that  the  object  of  adopting  the  skew 
wheels  instead  of  ordinary  mitre  wheels  for  driving  the  Srill 
spindles  had  been  that  the  horizontal  driving  shaft  might  be  kept 
out  of  the  way,  behind  the  drill  spindles,  so  as  to  allow  of  getting  a 
good  strong  tail  piece  with  set  screw  at  the  top  of  the  drill  spindles, 
for  receiving  the  heavy  upward  pressure  on  the  drills  in  working. 
This  could  not  have  been  managed  with  mitre  wheels  and  the 
longitudinal  shaft  overhead. 

Mr.  J.  Kennan  enquired  whether  there  was  not  some  difficulty 
from  the  end  pressure  on  the  horizontal  shaft  driving  the  drill 
spmdles,  owing  to  the  inclination  of  the  teeth  of  the  skew  wheels  ; 
and  he  suggested  that  the  teeth  might  be  inclined  at  opposite 
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angles  aherzuitely  right  and  left  in  the  saccessiTe  wheels,  so  as  to 
neutralise  the  end  pressure  on  the  driving  shaft. 

Mr.  Fletcher  said  there  was  no  end  pressure  at  all  on  the 
horizontal  driving  shaft,  as  each  of  the  skew  wheels  on  the  shaft 
worked  between  two  end  bearings  in  its  own  drill  frame,  which 
received  the  end  pressure  instead  of  the  shaft. 

The  President  enquired  whether  the  parallel  motion  was  foimd 
to  answer  satis&ctorily  the  purpose  of  keeping  the  drill  table  level 
in  working. 

Mr.  Fletcher  said  the  parallel  motion  formed  by  the  pair  of 
racks  and  toothed  segments  coupled  together  at  each  end  of  the 
drill  table  had  been  found  a  great  improvement  in  the  multijde 
drilling  machine.  Previously  it  had  been  necessaiy  to  place  a  block 
of  wood  on  each  side  of  the  drill  table,  as  a  stop  to  limit  its  height 
of  rising  and  prevent  it  from  canting  in  case  the  drills  on  one  side 
of  the  machine  should  come  through  the  work  sooner  than  those  on 
the  other  side.  But  with  the  addition  of  the  parallel  motion  there 
was  not  the  sHghtest  deviation  from  level  in  the  table,  either 
sideways  or  endways,  at  whatever  part  of  the  table  the  pressure  of 
the  drills  might  be  acting ;  and  it  was  thus  of  great  advantage  in 
preventing  any  undue  pressure  from  some  of  the  drills  getting 
through  the  plate  before  others. 

Mr.  J.  Kennan  asked  whether  any  trials  had  been  made  with 
different  forms  of  drill  points,  and  what  form  of  point  had  been 
found  the  best. 

Mr.  Fletcher  replied  that  he  had  tried  several  forms  of  drill 
points,  but  found  there  was  the  least  trouble  with  the  ordinary  shape 
of  point,  such  as  was  shown  in  the  drawings  and  in  the  specimens 
of  drills  now  exhibited.  The  speed  of  drilling  might  be  increased  by 
putting  extra  pressure  on  the  drills,  and  by  that  means  he  had 
drilled  through  f  inch  plates  in  as  little  as  3^  minutes ;  but  this 
rate  was  not  necessary  in  ordinary  work,  and  such  plates  generally 
took  about  10  minutes  to  drill  through. 

Mr.  "W.  M.  Nbilson  enquired  whether  the  drills  were  ground  np 
by  hand,  and  how  the  grinding  was  done  so  as  to  keep  them  aD 
uniform. 
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Mr.  Fletcher  replied  that  the  drills  were  aJl  ground  up  by  hand 
to  a  gauge,  bo  as  to  be  all  exactly  the  same  diameter  and  form.  The 
drills  were  carried  in  cylindrical  sockets  and  fixed  by  set  screws, 
allowing  of  their  being  adjusted  to  a  constant  length  when  shortened 
by  grinding.  At  Messrs.  Kennard's  works  at  Crumlin  there  were 
tax.  of  the  large  multiple  drilling  machines,  and  two  smaller  ones, 
and  one  man  was  employed  in  grinding  up  the  drills  for  the  whole 
of  the  machines,  to  keep  them  all  uniform. 

Mr.  W.  BiCHAEDSON  enquired  whether  there  was  not  some 
difficulty  with  the  drilling  machine  at  the  moment  of  the  drills 
going  through  the  plate,  on  account  of  the  drill  table  being  forced 
Qp  against  the  drills  by  the  constant  pressure  of  the  accumulator. 
He  thought  when  the  drills  were  just  going  through,  the  table  would 
rise  too  fiEi^t,  and  be  apt  to  break  the  drills  by  the  side  strain 
put  upon  them  from  suddenly  losing  the  resistance  of  the  cut. 

Mr.  Eletoheb  said  that  when  the  drills  were  beginning  to  come 
through  the  plate  the  workman  could  hear  it  directly,  and  could 
ease  off  the  water  pressure  a  little  if  desired,  by  partly  closing  the 
Tfklye  from  the  accumulator :  but  it  was  scarcely  ever  necessary  to  do 
that,  and  there  was  very  little  trouble  from  the  drills  breaking  at  the 
moment  of  going  through.  The  drills  were  made  pretty  stiff,  and 
very  short  from  the  bearing  in  the  drill  socket,  so  as  not  to  be 
easily  broken. 

Mr.  W.  FoED  Smith  asked  how  the  drill  spindles  were  set  in  the 
machine  with  sufficient  accuracy  at  the  exact  distance  or  pitch  from 
centre  to  centre.  In  the  case  of  the  transverse  joints  of  cylindrical 
boilers,  for  instance,  the  outer  plate  lapping  over  the  inner  was  of 
course  a  little  longer ;  and  having  the  same  number  of  rivet  holes 
would  require  the  holes  spacing  rather  wider  apart  all  round  the 
circle,  so  as  to  correspond  with  the  holes  in  the  inner  plate.  It  had 
been  proposed  to  drill  the  holes  in  the  two  plates  together  for  boiler 
work ;  but  though  that  might  be  done  for  the  longitudinal  joints,  it 
could  not  be  nmnaged  in  the  transverse  joints  from  the  difference  in 
the  length  of  the  two  plates. 

Mr.  Fletcher  explained  that  the  drill  spindles  were  all  turned 
accurately  to  2  inches  external  diameter  at  the  bottom  or  drill 
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socket,  and  were  set  up  one  after  another  by  inserting  a  template  of 
the  required  size  between.  Thus  for  drilling  holes  at  3  inches  pitch 
a  template  of  exactly  1  inch  -width  was  put  between  the  drill 
spindles;  and  supposing  this  were  the  pitch  for  the  riyet  holes  in 
the  inner  plate  of  a  transverse  boiler  seam,  and  the  outer  plate  were 
1|  inch  longer,  the  extra  1^  inch  was  divided  out  equally  between 
the  entire  number  of  holes  by  using  a  slightly  larger  template  made 
to  the  exact  size  required.  As  there  were  two  rows  of  drills  in  tbe 
machine,  the  best  plan  in  such  work  was  to  set  one  row  for  drilling 
the  inner  plates  and  the  other  for  drilling  the  outer  plates,  so  that 
the  drilHng  of  both  plates  should  be  proceeded  with  simultaneously. 

Mr.  D.  Adamson  thought  that  plan  would  still  not  be  so 
satis&ctory  as  drilling  both  the  plates  together,  as  they  were  to  go 
in  rivetting ;  and  even  in  the  case  of  the  transverse  joints  of  boilers 
it  was  highly  desirable  that  this  should  be  managed,  by  bending  the 
plates  beforehand  and  then  drilling  them  together  solid  when  bent, 
so  as  not  to  have  to  disturb  the  iron  in  any  way  by  bending  after 
drilling.  The  great  advantage  of  such  a  method  was  that  the  vezy 
same  drill  passed  through  both  plates,  and  therefore  any  slight 
variation  in  the  size  of  the  drill  used  did  not  affect  the  accuracy  and 
solidity  of  the  work  for  rivetting  up,  and  the  hole  was  perfecUj 
cylindrical  through  both  plates.  This  could  not  be  said  however  of 
plates  drilled  separately  while  flat  and  afterwards  bent  to  the 
required  curve. 

Mr.  Eletchbb  had  not  found  any  inaccuracy  arise  from  diiUing 
the  plates  separately  instead  of  together,  or  from  bending  the  plaiee 
after  drilling  them  flat.  In  plates  5-16ths  or  3-8ths  inch  thick  the 
alteration  in  the  holes  by  bending  the  plates  after  the  drilling  was 
so  inappreciable  that  a  turned  pin  could  be  passed  through  the  holes 
in  such  work  with  as  great  facihty  as  in  the  case  of  the  flat  plates 
drilled  for  bridge  work,  which  he  had  already  mentioned.  He 
therefore  thought  drilling  the  plates  together  after  bending  was 
scarcely  necessary  for  practical  purposes. 

Mr.  J.  Manning  said  he  was  now  making  a  self-acting  punching 
machine  for  punching  flat  plates  independent  of  manual  labour,  with 
an  adjustable  rack  motion  for  shifting  the  plate  and  spacing  out  the 
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holes,  and  a  variable  curvilinear  movement  for  pnncliing  the  circnlar 
lines  of  riret  holes  in  the  end  plates  of  boilers  for  the  shells  or  the 
internal  fines.  A  dividing  scale  was  also  added  for  making  the 
proper  alteration  in  the  pitch  of  the  holes  in  the  outer  and  inner 
plates,  in  punching  the  rivet  holes  for  the  circular  seams  of  the 
boiler  shell.  He  was  not  aware  whether  this  had  been  managed 
jet  in  punching  machines,  and  thought  if  successfully  carried  out 
with  the  required  degree  of  accuracy  it  would  go  fiar  towards 
removing  the  objections  entertained  against  punched  boiler 
work. 

Mr.  J.  Yebnon  enquired  whether  the  use  of  separate  engines, 
one  to  each  machine,  for  driving  a  number  of  separate  machines 
doing  a  variety  of  work,  as  in  the  case  of  iron  shipbuilding,  was 
considered  to  be  under  all  circumstances  a  more  advantageous  and 
economical  application  of  steam  power  than  driving  the  same 
machines  by  a  line  of  shafting  and  belts.  Supposing  there  were  a 
dozen  large  machines  in  the  same  workshop,  which  were  all  required 
to  be  worked  constantly  the  whole  day  through,  he  presumed  it 
would  not  be  considered  better  in  that  case  to  use  separate  engines 
for  each  machine  than  to  employ  one  engine  for  driving  the  whole 
lot  of  macbines  by  shafting. 

Mr.  Fletcher  said  that  in  the  latter  case,  having  a  number  of 
inachines  that  were  all  kept  constantly  at  work,  and  where  the  work 
could  be  kept  close  to  the  machines  without  having  to  be  frequently 
taken  out  of  the  shop  and  brought  back  again,  the  single  large  engine 
with  shafting  to  drive  all  the  machines  was  no  doubt  the  best. 
But  whenever,  in  the  case  of  shipbuilding  and  similar  work,  it 
occurred  that  plates  had  to  be  carried  backwards  and  forwards  a 
considerable  distance,  merely  for  punching  a  few  more  holes  or 
doing  some  other  small  work  upon  them,  it  was  then  found  much 
better  and  cheaper  to  take  one  or^  two  machines  down  to  the  spat 
and  do  the  work  there:  and  it  viras  for  such  purposes  as  these  that 
machines  were  now  made  to  be  driven  each  by  its  own  separate 
engine. 

Mr.  Neil  Bobson  enquired  whether  any  difficulty  was  found  in 
conveying  the  steam  to  a  distance  for  working  separate  machines^ 
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owing  to  leakage  at  the  joints  of  the  steam  pipe.  He  had  himfielf 
fonnd  great  difficulty  in  keeping  the  joints  tight,  particnlarlj  ia  (me 
instance  where  the  steam  was  conveyed  as  far  as  400  yards  in  a 
straight  line  of  pipe,  in  which  case  he  had  got  over  the  difficulty  bj 
making  two  expansion  joints  in  that  length :  and  he  asked  what 
was  the  greatest  distance  to  which  steam  had  been  conveyed  from 
a  boiler  for  working  an  engine  or  machine. 

Mr.  Fletcher  replied  that  the  difficulty  with  the  joints  of  the 
steam  pipe  in  such  cases  arose  from  having  the  pipe  in  a  straigiit 
line  for  the  whole  distance,  without  any  curves  ;  but  if  there  were  « 
few  curves  inserted  in  the  length  of  the  pipe,  these  would  allow  for 
the  expansion  and  contraction  of  the  line  of  pipe,  and  there  would 
be  no  difficulty  in  keeping  the  joints  steam-tight.  Any  condensation 
of , steam  that  took  place  in  the  pipe  might  be  provided  for  by  having 
a  low  part  in  the  pipe  at  the  further  end,  with  a  tap  to  draw  off  the 
condensed  water  whenever  desired. 

.  Mr.  D.  Adamson  said  that,  in  regard  te  the  distance  to  which 
steam  could  be  carried  in  pipes,  there  was  not  much  difficulty  in 
conveying  it  even  to  very  great  distances.  At  one  of  Mr.  Joseph 
Pease's  collieries  near  Darlington,  where  the  whole  of  the  wai;^  wu 
originally  pumped  by  engines  at  the  sur&Kse,  it  was  afterTrards 
desired  to  work  a  lower  portion  of  the  mine,  for  which  purpose  a 
pumping  engine  was  placed  down  in  the  pit,  and  was  at  first  supplied 
with  steam  by  boilers  alongside  in  the  pit.  The  water  pumped  from 
the  mine  however  was  so  corrosive  and  destructive  to  the  boilers 
in  the  pit,  that  it  was  ultimately  found  necessary  to  abandon  them 
and  to  take  steam  from  the  boilers  at  the  sur&».  The  distance  the 
steam  had  to  be  conveyed  by  pipes  in  that  instance  was  very  greftt 
indeed :  the  pit  was  about  120  yards  deep,  and  the  undergroimd 
engine  was  about  f  mile  from  the  bottom  of  the  pit,  making 
altogether  about  1440  yards  distance  that  the  steam  was  carried; 
notwithstanding  which  the  work  done  by  the  engine  per  pound  of 
coal  consumed  under  the  boilers  was  very  nearly  equal  to  what  it 
had  been  when  the  boilers  were  down  in  the  pit  close  to  the  engine. 
It  appeared  therefore  there  was  no  reason  to  anticipate  any  difBculty 
in  merely  distributing  steam  by  means  of  pipes  to  the  comparatively 
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■hort  distances  necessarj  for  working  detached  machines  in  a 
shipbuilding  yard  or  similar  cases.  In  the  instance  that  he  had 
described,  a  large  branch  syphon  pipe  was  connected  to  the  steam 
pipe  at  the  further  end,  close  to  the  engine,  in  which  the  condensed 
water  collected  and  was  drawn  off  at  intervals,  while  the  steam 
passed  along  the  straight  pipe  direct  into  the  engine. 

Mr.  J.  J.  BiRCKEL  mentioned  that  in  preparing  the  plates  for  the 
constraction»of  the  Gh*eat  Eastern  ship  the  edges  of  the  plates  had 
not  been  planed,  but  shaped  in  a  circular  shaping  machine  which  he 
believed  was  similar  to  a  dicing  lathe. 

Mr.  Fletcher  said  he  had  made  a  nimiber  of  machines  of  that 
description  for  shaping  the  edges  of  plates  in^ead.of  planing  them 
in  an  ordinary  planing  machine.  The  machine  had  a  large  disc 
about  6  feet  diameter,  revolving  on  a  horizontal  shaft,  and  in  the 
Cue  of  the  disc  were  fixed  a  set  of  about  86  cutters,  across  which 
the  plates  to  be  shaped  were  traversed  on  a  horizontal  sliding  table. 
Three  of  these  machines  were  at  work  at  the  Crumlin  Works,  where 
they  were  employed  in  shaping  the  edges  of  plates,  instead  of 
planing  them  by  the  planing  machine  as  usual. 

The  President  remarked  that  he  had  had  disc  machines  of  that 
description  in  operation  at  his  own  works  for  the  last  thirty  years, 
and  they  were  used  for  cutting  the  inside  of  sheer  strakes  in 
sbipbuilding  and  for  similar  purposes.  He  enquired  which  plan 
was  considered  the  best,  the  disc  machine  or  the  ordinary  planing 
machine. 

Mr.  Fletcher  replied  that  where  there  were  a  great  number  of 
plates  to  be  shaped  to  the  same  size  or  pattern,  as  in  bridge  work 
or  shipbuilding,  he  thought  the  circular  disc  with  cutters  would  be 
found  more  expeditious  than  a  planing  machine.  For  with  the  disc 
machine  a  number  of  plates  could  be  clamped  together  and  brought 
up  on  a  truck  and  laid  on  the  table  of  the  machine,  which  could 
then  be  left  to  do  the  work  with  only  a  boy  to  mind  it  for  two  or 
three  hours  ;  but  with  a  planing  machine  the  men  were  continually 
occupied  in  bringing  up  one  or  two  plates  to  be  planed  at  a  time. 
By  means  of  the  disc  machine,  as  much  as  3  feet  thickness  of  plates 
had  been  shaped  at  .once  in  the  case  of  the  plates  for  the  Ghreat 
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Eastern ;   and  the  macliines  at  Cmmlin  sliaped  18  inclies  thicknees 
of  plates  or  upwards  in  ordinary  work. 

Mr.  W.  FoBD  SicrrH  remarked  that  the  angle  of  85o  adopted  for 
the  V  grooves  in  the  tables  of  planing  machines  appeared  to  him 
rather  more  acute  than  was  desirable  or  necessary,  since  the  firiction 
was  of  course  greater  with  an  acute  angle  than  with  one  more 
obtuse,  requiring  therefore  greater  power  to  drive  the  table  with 
the  acute  Vs ;  and  it  was  also  desirable,  in  order  that  the  Vs  might 
keep  in  good  order,  to  get  as  wide  a  bearing  surface  as  possible,  so 
as  to  reduce  as  £ar  as  practicable  the  pressure  per  square  inch 
and  consequently  the  friction  and  liability  to  galling.  He  had 
accordingly  adopted  a  considerably  wider  groove  for  such  purposes, 
with  an  angle  of  120° ;  and  he  had  not  found  any  difficulty  &om 
the  table  of  the  machine  ever  rising  up  the  sides  of  the  Vs  made 
with  that  inclination,  and  thought  the  sur&ces  of  the  grooves  wore 
better  than  if  made  more  acute.  For  oiling  the  Vs  the  ordinary 
plan  was  to  fill  the  channel  at  the  bottom  of  the  groove  with  oil, 
which  was  then  raised  by  agitators  and  spread  over  the  sides  of  the 
groove  by  the  motion  of  the  sliding  table ;  but  as  any  dust  and 
cuttings  falling  into  the  grooves  would  collect  in  the  channel  at  the 
bottom  and  be  mixed  with  the  oil,  he  thought  it  was  better  to  oil 
the  grooves  by  a  channel  at  the  top  along  each  side  of  the  groove, 
filled  with  pure  oil  by  self-acting  lubricators,  by  which  a  small 
quantity  of  oil  would  be  caused  to  flow  over  down  the  sides  of  the 
groove ;  and  the  oil  should  be  swept  off  into  pockets  at  the  ends 
of  the  Vs  by  each  traverse  of  the  table,  instead  of  being  allowed  to 
lie  in  the  bottoms  of  the  grooves.  By  this  plan  combined  with  the 
increased  surface  of  wider  Vs  there  would  be  less  liability  to 
the  surfaces  galling  in  working.  } 

With  regard  to  the  use  of  the  rack  motion  for  sliding  the  table 
in  planing  machines,  no  doubt  the  use  of  the  pinion  of  large  diameter 
gearing  into  the  rack  was  a  great  improvement  in  principle  upon 
the  ordinary  small  pinion,  since  with  the  large  pinion  there  was  less 
tendency  to  lift  the  table.  But  in  reference  to  the  employment  of 
stepped  teeth  for  the  rack  and  pinion,  in  place  of  the  ordinary  single 
teeth,  he  had  not  found  it  practicable  to  produce  castings  of  stepped 
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racks  and  pinionB  so  accurately  spaced  throngliout  as  to  ensure  all 
the  teeth  taking  their  proper  shore  of  the  work ;  the  whole  strain  of 
the  driving  power,  instead  of  being  borne  by  the  entire  width  of  the 
rack,  had  consequently  to  be  borne  only  by  the  portion  of  the  width 
that  happened  to  be  actually  in  contact,  and  hence  breakages  were 
liable  to  take  place.  He  had  accordingly  been  led  to  adopt  plain 
racks,  not  stepped,  with  pinions  of  large  diameter,  for  traversing  the 
tables  in  planing  machines  and  similar  cases ;  and  the  results  had 
proved  thoroughly  successfdl,  not  only  in  preventing  breakages,  but 
also  in  producing  good  planed  surfaces,  perfectly  free  &om  jars  and 
teeth  marks. 

Mr.  Fletcher  said  that  with  regard  to  the  angle  of  the  V  grooves 
in  the  planing  machines  he  had  not  found  any  tendency  to  galling  of 
the  surfaces  with  the  inclination  of  85^  that  he  had  adopted ;  one 
machine  that  he  had  made  twenty  years  ago  with  Vs  of  that  angle 
had  been  doing  work  of  the  heaviest  and  roughest  description  ever 
since  at  Messrs.  Napier's  works,  and  he  had  no  doubt  it  would  be 
found  on  comparison  that  the  surfaces  of  the  grooves  were  now  in 
better  condition  than  would  be  the  case  he  believed  in  any  machines 
with  wider  Vs  after  working  for  the  same  length  of  time.  The 
plan  that  had  been  mentioned  of  oiling  the  Vs  by  a  channel  of  oil  at 
the  top,  along  each  side  of  the  groove,  had  the  objection  that  the 
machine  would  then  require  oiling  many  times  in  a  day ;  whereas 
with  the  ordinary  plan  of  oiling,  by  keeping  the  supply  of  oil  in  the 
bottom  of  the  V,  the  machine  need  not  be  oiled  more  than  once  in 
three  or  four  days. 

•  In  reference  to  the  stepped  rack  for  driving  the  tables  of  planing 
and  other  machines,  he  believed  the  rack  motion  was  more  generally 
used  for  such  purposes  than  the  screw,  and  he  had  adopted  the  rack 
exclusively  for  the  last  twenty  or  thirty  years  as  the  most  eligible 
arrangement;  nor  had  he  found  any  such  difficulty  as  had  been 
referred  to  in  practically  attaining  sufficient  accuracy  in  the  teeth. 
He  was  confident  that  if  any  well  made  machine  worked  by  the 
stepped  rack  motion  were  examined  only  a  couple  of  hours  after  it 
was  first  put  to  work,  before  it  had  even  completed  planing  its  own 
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table,  it  wonld  be  fonnd  that  all  the  teeth,  had  got  into  effioieat 
driving  contact. 

The  Pbbbideut  moved  a  vote  of  thanks  to  Mr.  Fleksher  fwliu 
paper,  which  was  passed* 


The  following  paper,  communicated  through  the  President,  ^ 
then  read : — 
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ON  THE  PRINCIPAL  SEAMS  OP  COAL  AND  IRONSTONE 
IN  THE  GLASGOW  COALFIELD. 


Bt  Mb.  WILLIAM  MOOEE,  of  Glasgow. 


Oeneral  description  of  Coalfield. — The  valuable  Beams  of  Coal 
and  Ironstone  in  the  Glasgow  Coalfield  are  situated  in  the 
counties  of  Lanark,  Stirling,  Dumbarton,  Renfrew,  and  Linlithgow, 
and  He  between  the  New  Red  Sandstone  and  the  Hnrlet  Coal. 
They  are  divided  into  an  upper  and  a  lower  series  of  minerals: 
those  seams  lying  above  the  Gamkirk  or  Caulm  limestone  of 
Gamkirk  and  Bedlay  form  the  upper  series  ;  and  those  lying  under 
the  PosBil  «r  Cowglen  limestone  form  the  lower  series.  The 
accompanying  plan,  Fig.  1,  Plate  72,  shows  the  general  outline  and 
position  of  the  Glasgow  coalfield.  The  dark  shade  shows  the  area 
of  the  thick  seams  including  the  Splint  coal  and  the  seams  above  it ; 
and  the  light  shade  shows  the  limit  of  the  coalfield  and  the  ironstone 
field.  No  portions  are  shown  on  the  plan  of  the  other  adjoining 
coalfields  of  Ayrshire  and  Fifeshire.  The  positions  and  names  of 
the  principal  coal  districts  are  marked  upon  the  plan  within  this 
area. 

The  general  average  section,  Pig.  2,  Plate  73,  shows  the 
succession  of  the  seams  from  the  surface,  which  are  enumerated  in 
the  accompanying  table.  Prom  this  section,  it  will  be  seen  that  the 
most  valuable  seams  of  coal  lie  above  the  Gamkirk  or  Caulm 
limestone  in  the  upper  series ;  and  that  the  principal  seams  of 
ironstone  lie  under  the  Possil  limestone  in  the  lower  series  of 
minerals.  It  is  from  the  upper  series  that  the  coals  have  been  taken 
for  &e  supply  of  household,  Tnanufacturing,  and  ironsmelting - 
purposes,  during  almost  the  whole  history  of  the  coalfield ;  and  the 
principal  seams  in  this  series  are  collectively  known  as  the  Glasgow 
and  Monkland  seams,  extending  over  an  area  comprising  about 
37  square  miles,  more  or  less  interrupted  by  faults,  bounded  by 
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Name  of 


Beun.                                UFPBB  SBBIB8. 

ftin.       twin. 

Paiaoeooraig  Bladcbaad  Iraiistone 

.       1 

0  to  1    6 

Upper  Goal              ..... 

4 

0  to  6   0 

EUCoal 

2 

0  toll    0 

Pjrotaiiaw  and  Main  Ooala    .... 

4 

0  to  9   0 

Humph  Goal      ...... 

2 

0  to  2    6 

8plintCoal 

2 

6  to  6   0 

Wee  Coal           ...... 

2 

0  to  2    6 

Mnaselband  CkMl 

2    6 

Aiidrie  Blaokbaod  Ironstoiie 

1 

0  to  1    5 

Soft  Blaokband  Ironfitone 

8 

0  to  6   0 

Oleland  Bough  Glajband  Ironstone 

1   0 

Virtue  Well  Coal      ..... 

2 

0  to  3   0 

Bdlside  Blaokbaad  tronstone 

6  to      10 

Eflliongiie  Goal 

2 

^  to  6   6 

Druttigray  Goal  ...... 

.      1 

8  to  2   6 

Lower  Dmnigray  Goal         .... 

1 

4  to  2    0 

First  Slaty  Blackband  Ironstone  . 

7  to  1   7 

Second  Slaty  Blaokband  Ironstone 

8  to  1   8 

Third  Slaty  Blaokband  Ironstone 

7  to  4   0 

Soman  Cement    .... 

1 

6  to  2    2 

Gamkirk  or  Canim  Limestone 

4  10  to  7   0 

LOWER  SERIES. 

Fossil  or  Gowglen  Limestone 

4 

3  to   6    0 

Poesil  tipper  Goal     ..... 

2 

0  to  3    1 

Upper  Fossil  Ironstone     .            .            .            . 

1 

0  to   1    i 

Fossa  Main  Goal 

1 

7  to  2    < 

Lower  Fossil  Ironstone     .... 

9  to      10 

Lesmahagow  Gas  Goal         .... 

1 

0  to   1    8 

California  Cl&yband  Ironstone      . 

9  to   1    2 

Garscadden  Upper  Blaokband  Ironstone 

. 

8  to  1    2 

4  to   1    2 

Garibaldi  Clayband  Ironstone 

. 

11  to   1    6 

Dairy  Blaokband  Ironstone 

10  to  1    6 

Smithy  Goal                        .           .           . 

B 

6  to  4   • 

.      2 

0  td  8   3 

Limestone            .... 

4 

0  to  7    2 

Hoeies  Limestone      .... 

9  to  6   0 

Crossbasket  Clayband  Ironstone 

• 

1    d 

Hm-let  Limestone      .... 

.      1  10  to  4   0 

Hm-let  Almh  Shale 

. 

3   4 

Hnrlet  Goal 

.      6 

0  to  6   0 
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Baihgate  and  Monungside  on  the  east^  by  Carluke^  Hamilton,  and 
Quarter  on  the  sonth,  by  Qlasgow  on  the  west,  and  by  Garteherrie 
and  Jawcraig  on  the  north. 

The  main  supply  of  ironstone  for  the  use  of  the  Sootcl^ 
ironworks  comes  from  the  two  Fossil  ironstones,  the  two  Ghurscadde^ 
Blackband  ironstones,  and  the  Dairy  Blackband  ironstone.  These 
extend  over  the  district  of  country  indicated  by  the  light  shades 
on  the  general  plan,  Fig.  1. 

Jkfiailed  description  of  Ooal  Seems, — The  Upper  coal,  the  firsi^ 
in  the  section,  Fig.  2,  is  that  from  which  Qlasgow  waa  in 
former  years  supplied  with  the  best  quaUty  of  household  coal.  This 
seam  is  in  its  best  condition  both  in  thickness  and  quality  near 
Glasgow,  Butherglen,  and  Stonelaw.  It  graduaJly  gets  inferior  aa 
it  goes  eastward,  and  thins  out  altogether  in  thei  mineral  fields  near 
Coatbridge  and  Baillieston. 

The  Ell  coal  is  the  seam  from  which  at  present  the  largest 
qnantiiy  of  coal  for  household  purposes  is  derived,  and  which  now 
contributes  so  largely  to  the  supply  of  Edinburgh,  Glasgow,  and  the 
north  of  Scotland.  The  most  valuable  deposit  of  this  seam  is  in 
the  neighbourhood  of  Wishaw  and  Motherwell,  extending  along  the 
line  of  the  Caledonian  Bailway  nearly  as  far  as  Carluke,  and  on 
the  line  of  the  Lesn^Jiagow  branch  within  a  short  distance  of 
Auchenheath.  The  thickness  of  the  seam,  which  is  not  more  than 
4s  feet  at  Glasgow  and  2  feet  at  Baillieston,  gradually  increases 
towards  Wishaw  to  about  11  feet.  In  the  district  adjoining  Wishaw 
the  quality  is  of  the  first  class,  and  the  coal  is  used  chiefly  for 
household  pmrposes.  In  some  of  the  collieries  to  the  east  of  Wishaw 
the  coal  is  of  a  slightly  burnt  description,  and  is  used  for  steam 
purposes.  There  is  still  a  considerable  area  of  this  seam  to  work, 
lyisg  on  the  line  of  the  railways  already  mentioned ;  in  the  localiiy 
immediately  adjoining  Wishaw  however  it  is  very  much  exhausted. 
So  great  has  been  the  demand  for  this  quality  of  coal  for 
household  and  steam  piirposes,  that  within  an  area  of  about  three 
square  miles  in  the  Wishaw  district  there  are  as  many  as  twenty- 
five  collieries  working  almost  wholly  on  this  Ell  coal  seam. 
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The  Fyotsliaw  and  Main  coals  are  sometimes  apart  a  distance 
varying  from  6  to  as  much  as  24  feet,  as  at  Baillieston  and 
Coatbridge.  .  At  Drompeller  and  Wishaw  they  are  together,  forming 
one  seam  about  9  feet  in  thickness.  The  Pyotshaw  coal  sometimee 
contains  a  thin  gas  coal  varying  in  thickness  from  4  to  10  inches : 
at  Springhill  near  Baillieston  this  gas  seam  is  of  fidr  qnaHty,  and 
is  supplied  to  the  Qlasgow  gas  works.  The  Pyotshaw  and  Main 
coals  are  hard  coals,  containing  rather  too  much  ash  for  household 
use,  so  that  they  are  used  chiefly  for  ironsmelting  and  forge 
purposes. 

The  Humph  coal  is  a  thin  seam  of  not  much  value.  It  has  been 
worked  at  DaJmamock  near  Glasgow  and  at  Coatbridge,  for  foniaoe 
purposes  and  for  calcining  clayband  ironstones. 

The  Splint  coal  is  that  which  has  been  so  long  Tised  in  the 
Tnanufacture  of  iron  in  the  Coatbridge  district.  It  is  a  hard  coal  of 
excellent  quality,  and  in  the  Monkland  district  is  veiy  nearij 
exhausted.  At  Wishaw  and  in  the  district  towards  Hamilton  it  is 
entire ;  but  it  has  been  found  very  expensive  to  work  on  account  of 
having  a  soft  shale  roof.  This  seam  of  coal  is  usually  accompanied 
by  a  thin  band  of  clay  ironstone,  varying  in  thickness  from  3  to 
4  inches,  which  is  worked  in  connection  with  the  coaL  At 
Bredisholm  near  Baillieston  this  seam  becomes  a  gas  coal,  and  is 
worked  as  such  to  a  considerable  extent  for  the  supply  of  Olasgow 
and  for  Irish  consumption. 

The  Wee  coal  is  a  good  household  coal,  and  is  extensively 
worked  as  such  in  the  Baillieston  district  for  the  supply  of  Glasgow. 
The  collieries  working  this  seam  He  principally  along  the  line  of  the 
Monkland  Canal,  by  which  the  coal  is  conveyed  to  Glasgow  and 
other  parts  of  the  Clyde. 

The  Virtue  Well  coal  is  essentially  a  Monkland  coaL  It  is 
found  best  in  the  neighbourhood  of  Airdrie  and  Coatbridge,  and  is 
used  principally  for  household  purposes.  In  some  of  the  ooUierieB 
near  Airdrie  the  coal  is  burnt,  and  is  used  for  steamboat  puipoees. 
In  the  eastern  part  of  this  seam  extending  to  Slamannan  it  is  called 
the  Johnstone  coal,  where  it  is  of  a  coarser  quality  and  is  used  for 
household  purposes. 
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The  Kiliongue  coal  is  worked  is  the  neighbourhood  of 
Coatbridge  and  Airdrie  at  a  thickness  of  about  2^  feet.  At 
Drnmpeller  it  is  6|  feet  thick,  and  is  used  for  household  and  forge 
purposes.  In  the  Bedding  and  Slamannan  districts  this  seam  is 
called  the  Splint  coal ;  and  at  Slamannan  it  is  one  of  the  most 
valuable  of  the  Scotch  steam  coals,  and  brings  the  highest  price  on 
the  Forth  and  Clyde  for  this  purpose.  At  Bedding  the  coal  changes 
its  character,  and  becomes  a  hard  splint  coal  suitable  for  iron 
smeltiDg  purposes.  Above  the  Splint  coal  at  Slamannan  there  is  a 
seam  known  as  the  Lady  Grange  seam  about  2|  feet  thick, 
worked  chiefly  for  household  purposes.  At  Calderbraes,  in  the 
position  which  the  EUtongue  coal  would  occupy,  there  is  an  iron- 
stone called  the  Calderbraes  ironstone  about  8  inches  thick. 

The  Dmmgray  coal  is  known  in  the  Bedding  and  Slamannan 
districts  as  the  Coxrod  coal.  In  the  Airdrie  and  Coatbridge  districts 
this  seam  is  a  hard  furnace  coaJ ;  in  the  Bedding  and  Slamannan 
districts  it  is  a  household  coaTof  very  superior  quality. 

The  Lower  Drumgray  or  Lower  Coxrod  coal  is  a  seam  worked 
for  housebold  purposes ;  it  is  usually  thin  however,  and  is  not 
generally  much  worked. 

Besides  the  seams  above  described,  which  are  collectively  known 
as  the  Glasgow  and  MonMand  seams,  there  are  also  several  minor 
seams  of  coal  in  the  upper  series  ;  namely  those  of  the  Bathgate, 
Grangemouth,  and  Netherwood  districts ;  and  in  the  lower  series,' 
the  Fossil,  Kilsyth,  Kirkintilloch,  Cowglen,  Titwood,  Hurlet, 
Campsie,  Duntocher,  Milngavie,  Auchenheath,  and  Lesmahagow 
coals.  These  seams  however  are  chiefly  local,  worked  only  in  the 
inmiediate  districts  in  which  they  are  found. 

The  Bathgate  seams  are  all  of  such  an  inferior  quality  that  they 
are  not  even  worked  for  the  supply  of  the  immediate  district.  The 
coal  used  in  Bathgate  is  principally  brought  from  the  Monkland 
or  from  the  Wishaw  coalfleld. 

The  Gfrangemouth  coals  are  geologically  the  same  as  those  at 
Bedding,  but  are  a  little  thicker  and  the  seams  are  more  numerous. 
In  point  of  quality  the  coals  are  not  equal  to  those  of  Bedding  and 
Slamannan.     The  collieries  however  have  the  advantage  of  being 
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near  tlie  Bhipping  port  of  Grangemoatli,  requiring  UtUe  raihrey 
oarriage,  so  that  tlie  inferior  quality  of  the  coals  is  compensated  for 
bj  their  cheapness,  and  the  colHeiy  proprietors  are  enabled  to  ship 
a  considerable  quantity  of  coaL  The  Netherwood  coals  are  coking 
and  smithy  coals  lying  immediately  under  the  Gaulm  limestone. 

The  Fossil  seams  of  coal  lying  in  proximity  to  the  ironstone 
seams  are  worked  mainly  for  the  supply  of  workmen's  fires  and 
engine  fires  at  the  collieries  raising  the  ironstone.  The  Kilsyth 
coals  are  of  a  coking  description,  and  are  converted  into  coke  at 
the  collieries  for  the  supply  of  Glasgow.  The  SlirkintillQch  coaU 
are  generally  steam  coals. 

The  coals  of  Hurlet,  Campsie,  Duntocher,  and  Milngavie  are 
inferior,  and  are  used  for  steam  purposes  in  those  districta.  The 
Lesmahagow  and  Auchenheath  coal  is  used  for  the  production  of 
gas,  and  is  the  most  valuable  of  Scotch  cannels. 

Detailed  descripUon  of  Ironstone  Seams, — The  Palacecraig 
Blackband  ironstone  is  a  seam  of  inferior  qualiiy,  yeiy  pqor  and 
yielding  only  a  small  percentage  of  metallic  iron.  It  has  been  worked 
only  by  the  Gbrtsherrie  Iron  Company  at  Palacecraig  near  Airdrie. 
It  extends  over  a  large  area  in  the  Coatbridge  district,  but  its  quality 
has  never  been  found  such  as  to  warrant  its  being  much  worked. 

The  Airdrie  Blackband  ironstone  may  be  said  to  be  ahnost 
wholly  exhausted.  It  was  upon  this  seam  that  the  majority  of  the 
ironworks  at  Coatbridge  were  founded.  It  was  discovered  by  the 
late  Mr.  David  Mushet  about  the  beginning  of  the  century,  and  was 
highly  valued  for  its  freedom  from  deleterious  impurities  and  for 
the  quantity  of  carbonaceous  matter  which  it  contained. 

The  Soft  Blackband  ironstone  resembles  the  Palacecraig  iron- 
atone  in  point  of  quality.  It  was  worked  near  Airdrie,  but  was 
abandoned  on  account  of  its  inferior  quality. 

The  Cleland  Roughband  ironstone  is  peculiar  to  the  mineral  field 
around  Cleland.  It  is  a  clayband  yielding  about  1000  cakined 
tons  per  acre. 

The  BeUside  ironstone  is  found  and  worked  in  a  limited  area 
near  BeUside,  about  1^  mile  south  east  of  Newarthill.    It  is  a  black- 
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band  ifbnstone  of  good  quality,  and  Wotth  about  16^.  per  ton  at  tlii9 
Coatbridge  worics.  The  most  ertensiv^  working  of  this  seam  is  at 
Oreenhin  in  tbe  parisb  of  Sbotts. 

The  Galderbraes  ironstone  is  a  band  lying  in  the  position  of  th^ 
KOiongne  coal,  but  not  extending  over  a  large  area.  It  is  worked 
at  Faskine  near  Airdrie  and  at  the  Oalderbank  Iron  Works.  Hiere 
is  a  thin  gas  coal  in  connection  with  the  seam,  which  has  recently 
been  nitod  for  the  production  of  paraffine  oil. 

The  next  seams  are  the  Slaiy  bands  of  ironstone,  which  are  thb 
only  seamB  lying  in  the  upper  series  of  minerals  ih&t  are  likely  to  yield 
a  supply  of  blackband.  The  geological  positions  of  these  seams 
extend  over  an  area  equal  to  80  or  4:0  square  miles,  a  large  part  of 
which  however  is  wholly  unproved,  while  an  equally  large  part  has 
been  proved  to  contain  nothing  beyond  the  mere  position  of  the 
seams,  the  ironstones  themselves  being  found  to  have  thinned  out. 
Both  in  thickness  and  quality  these  seams  are  exceedingly  variable, 
measuring  in  some  places  as  Uttle  as  4  inches  thick,  and  in  others  as 
much  as  3  or  4  feet.  In  its  best  state  the  quality  of  the  ironstone  is 
nearly  equal  to  the  Airdrie  blackband ;  while  at  many  places  to  the 
north  of  Airdrie  it  contains  so  large  a  proportion  of  sulphur  as  to 
render  it  quite  unfit  for  ironmaking  purposes.  These  bands  of 
ironstone  have  been  mostly  worked  at  Bathgate,  Crofthead,  and 
Shotts.  There  are  three  slaty  bands  of  ironstone  as  proved  at  Arden. 
The  first  of  these  is  about  7  inches  thick,  and  is  supposed  to  be  the 
tame  seam  as  that  worked  at  Garbethill,  Todsbughts,  Oameron 
Glen,  and  Arden.  The  second  or  mid  slaty  band  is  about  IS  inches 
in  thickness,  and  is  supposed  to  be  the  same  ironstone  as  that 
found  at  Stepends,  Crofthead,  Armadale,  and  Shotts.  The  third 
band  ranges  in  thickness  from  7  inches  to  4  feet,  and  lies  in  ihb 
same  position  ad  the  seam  at  ^oodockhiU.  In  the  neighbourhood 
of  Bathgate  the  mid  seam  lies  in  'connection  with  the  &mous 
Torbanehm  coal,  so  highly  valuable  for  i^e  production  of  paraffine  oil. 

The  next  valuable  seams  of  ironstone  are  those  lying  under  the 
Fossil  or  Gowglen  limestone.  The  first  of  these  are  the  Fossil 
ironstones,  two  seams  of  excellent  quality,  the  first  (X  which  is  alK>ut 
14  inches  thick  and  the  second  about  10  inches,  both  lying  in 
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connection  with  thin  beds  of  coal,  which  conduces  much  to  economy 
in  working  them.  These  two  seams  of  ironstone  extend  oyer  a 
large  district,  and  generally  maintain  a  regular  thickness.  Under 
the  lowest  of  them  lies  the  Oovan  gas  coal,  occapying  the  same 
position  as  the  Lesmahagow  and  Enightswood  gas  coal  The 
qnality  of  this  coaJ  is  best  and  it  is  worked  most  extensiYely  at 
Lesmahagow. 

The  next  seam  is  the  Califomia  Glayband  ironstone,  of  good 
quality,  and  worked  at  Kelvinside  to  the  west  of  Glasgow. 

The  Upper  ironstone  of  Oarscadden  is  the  next  seam ;  it  is 
a  blackband  of  first-rate  quality,  vaiying  from  8  to  14  inches  in 
thickness. 

The  Lower  ironstone  of  Garscadden  is  very  much  of  the  same 
quality  as  the  preceding ;  it  varies  in  thickness  from  4  to  14  inches. 

The  Garibsddi  Glayband  ironstone  underlies  the  last  mentioned 
seam,  ayeraging  14  inches  thick. 

The  Dairy  or  Johnstone  Blackband  ironstone  lies  imder  the 
preceding  seams,  varying  from  10  to  18  inches  in  thickness. 

The  ironstones  worked  at  Gomrie,  Oakley,  Inzievar,  Gowdenbeath, 
and  Lumphinnans  in  Fifeshire — Kinneil,  Grange,  and  Balbardie  in 
Linlithgowshire — Groy,  Banton,  Kilsyth,  and  EarkintiDoch  in 
Dumbartonshire — Dolphingstone,  Tranent,  and  Wallyford  in  East 
Lothian — Dryden  in  Mid  Lothian — Johnstone  and  Paisley  in  Ren- 
frewshire— Muirkirk  and  Dairy  in  Ayrshire — Fossil,  Gbrscadden, 
Kenmure,  and  Gadder  ia  Lanarkshire — correspond  in  position  wi& 
the  ironstones  lying  under  the  Fossil  or  Gowglen  limestone. 

Between  the  Dairy  blackband  ironstone  and  the  Hurlet  coal  there 
are  numerous  clayband  ironstones ;  but  with  the  exception  of  one  or 
two  which  have  been  partially  worked  at  Hurlet  there  are  none 
workable.  In  the  position  of  the  Hurlet  coal  itself  there  is 
sometimes  found  a  band  of  ironstone,  as  at  Easterhouse  near 
Gamwath ;  but  it  is  usually  so  contaminated  with  sulphur  as  to  be 
quite  unsuitable  for  ironmaking  purposes. 

Fitting  omd  Working  of  Collieries. — The  depth  at  which  the  seams 
of  coal  and  ironstone  are  usually  found  varies  from  20  to  aboat 
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400  yards.  The  pits  in  the  neighbourliood  of  Glaagow  reacli  the 
Splint  coal  at  from  140  to  180  yards,  and  at  Baillieston  it  is  reached 
at  from  140  to  250  yards.  At  Wishaw  the  pits  seldom  exceed 
120  or  140  yards  to  the  Ell  coal.  The  deepest  pits  snnk  in  the 
district  are  the  Nitshill  Victoria  pit  near  Hnrlet,  snnk  350  yards 
to  the  Hnrlet  coal,  abont  5  miles  sonth  west  from  Glasgow ;  and 
the  Snab  pit  at  Kinneil,  snnk  896  yards  to  the  Eastermain  coal. 
Some  of  the  pits  at  Fossil  and  the  neighbonrhood  are  ^nnk 
considerably  more  than  200  yards  to  the  PossH  ironstone. 

The  shape  of  the  pits  in  plan  is  generally  oblong,  varying  in  size 
from  10  by  5  feet  to  20  by  6  feet,  according  to  the  size  of  pnmps 
to  be  pnt  in  the  shafts.  These  shafts  are  nsnally  divided  into  two 
compartments,  a  space  of  4  or  5  feet  at  the  rise  end  of  theshafb 
being  kept  solely  for  the  pnrpose  of  the  npcast  shaft,  and  the 
renuuning  distance  divided  for  the  pnmpiag  and  winding  arrange** 
ments.  Pig.  3,  Plate  74,  is  a  plan  showing  the  ordinary  division  of 
the  shaft,  the  npcast  shaft  A  at  one  end  being  4  feet  wide,  and  the 
pnmping  shaft  B  at  the  other  end  5  feet  wide,  while  the  centre 
portion  C,  9  feet  wide,  contains  two  sets  of  winding  gear.  The 
brattice  or  midwall  is  made  of  planks  of  red  pine  cat  to  the  width 
of  the  pit,  9  inches  deep  and  8  inches  thick,  let  into  the  wall 
on  each  side  of  the  pit,  and  made  air-tight  by  comer  rackings  of 
wood,  cnt  ont  of  timber  abont  6  inches  square.  The  slides  for  the 
cages  are  of  red  pine,  nsnally  5  inches  sqnare.  The  needles  or 
buntings  for  securing  the  slides  are  usually  cut  to  a  section  of 
about  9  inches  by  8  inches,  and  are  placed  in  the  shaft  about  9  feet 
apart. 

There  is  not  generally  much  water  in  the  Scotch  collieries.  The 
usual  size  of  the  pumps  varies  horn  8  inches  to  16  inches  diameter 
of  the  rising  main ;  and  when  the  latter  size  is  not  exceeded,  the  rods 
are  usually  worked  by  bell  cranks  driven  by  a  horizontal  engine  with 
crank  and  flywheel.  Of  late  years  where  the  diameter  of  the  pipes 
has  exceeded  16  inches,  direct-acting  engines  have  been  adopted, 
with  the  cylinder  placed  vertically  over  the  pumping  end  of  the 
pit.  The  usual  length  of  the  lifts  or  sets  of  pumps  is  from 
90  to  100  yards. 

l2 
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Only  two  sjBiexnB  of  working  ooal  aro  em^doTod  in  tlie  diflttict: 
that  of  "  Stoop  and  Room,"  and  the  "  Long  Wall "  working. 

The  Stoop  and  Boom  system,  shown  in  Mg.  5,  Plate  75,  is  mnch 
the  same  as  that  known  in  England  as  the  *'  pillar  and  stalL*'  As 
adopted  in  Sootland,  it  is  customary  to  proceed  with  the  working, 
leaying  pillars  or  "  stoops  "  D  D  containing  abont  55  or  60  per  cent. 
of  the  coal  for  supporting  the  roo^  until  the  pit  has  reached  the 
limit  of  the  area  which  has  been  laid  out  for  working.  The  back 
working  is  then  commenced,  which  consists  in  driving  "rooms" 
through  the  stoops  or  piDars  situated  to  the  rise  and  on  the  leyel, 
as  shown  at  E  E,  leaving  only  the  four  comers  of  the  pillar.  These 
comers  are  usually  leB>  6  to  8  feet  square,  and  are  left  in  the  pil 
permanently,  and  consequently  are  lost  to  the  coal  proprietor.  The 
proportion  of  coal  taken  out  of  the  field  by  this  system  varies  from 
70  to  85  per  cent,  of  the  total  quantity  of  coal  in  the  field.  Seams  of 
coal  above  4s  feet  in  thickness  are  usually  worked  by  this  method. 

The  Long  Wall  system  is  that  usuaJly  adopted  for  working 
seams  of  coal  under  4  feet  in  thickness  and  all  seams  of  ironstone. 
This  system  is  shown  in  Fig.  6,  Plate  76,  and  by  it  the  whole  of  the 
coal  or  ironstone  is  taken  out  of  the  pit.  The  working  &cob  F  F 
are  carried  forwards  continuously  from,  the  shaft  towards  the  rise 
and  along  the  level  on  each  side ;  and  for  the  purpose  of  bringing 
away  the  coaJ  as  the  working  fibces  advance,  packed  roads  Gt  Q  are 
constructed  through  the  goai^  by  building  up  parallel  walls  of  stone 
to  support  the  roo^  which  are  constantly  carried  forwards  aa  the 
work  advances. 

The  underground  haulage  is  usually  conducted  by  horses 
drawing  on  roads  going  along  the  level  course  of  the  seam.  The 
rails  employed  are  of  cast  iron,  of  an  angle  shape,  about  4  inches 
deep  in  the  side»  cast  in  lengths  of  4  feet,  and  weighing  about 
60  raUs  to  the  ton.  The  gauge  to  which  they  are  laid  is  usuaJly 
about  2  fidet  10  inches,  and  each  end  of  the  rail  is  spiked  to  a  larch 
sleeper,  6  inches  broad  by  2^  inches  thick,  costing  l\d.  to  2^.  each. 
The  haulage  of  coals  from  dip  workings  is  accomplished  by  means 
of  stationary  engines  placed  underground,  and  supplied  with  steam 
from  boilers  at  the  surface.     The  steam  is  carried  down  the  upcaet 
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end  of  the  shaft  in  pipes,  and  the  eihanst  steam  from  the  engine  is 
convened  about  20  feet  np  the  shaft  in  pipes  and  then  discharged  to 
assist  the  rentilation.  In  some  cases  however  the  plan  of  letting 
the  ezhaast  steam  escape  into  the  shaft  has  been  found  to  injure 
the  walls  of  the  pit  bj  loosening  the  strata ;  and  in  recent  fittings  it 
has  been  deemed  advisable  to  convey  the  steam  the  whole  distance 
np  to  the  sor&ce  in  pipes. 

The  dip  and  rise  of  the  strata  in  the  district  varies  from  1  in 
10  to  1  in  3.  When  the  inclination  is  so  steep  as  1  in  8,  the 
niinerals  are  lowered  from  the  rise  workings  by  self-acting  inclines 
with  a  chain  and  a  horizontal  pulley  at  the  head  of  the  incline.  The 
pulley  is  nsnally  about  8  feet  in  diameter,  and  the  chain  for  lowering 
the  wagons  is  passed  twice  round  the  pulley  to  prevent  slipping. 
The  brake  is  applied  to  a  friction  ring  cast  on  the  side  of  the 
polley. 

The  Scotch  coUimes  oamiot  be  said  to  be  fiery :  in  fisw  cases 
indeed  are  safety  lamps  required  in  workiag.  Each  pit  has  its 
fireman,  who  goes  round  the  working  fieuies  of  the  pit  each  morning 
befin^  the  men  proceed  to  work,  to  certify  that  all  are  free  from  fire. 
There  are  seldom  any  accumulations  of  gas  except  in  places  wholly 
shut  off  from  the  air  current.  In  the  "  stoop  and  room  "  working, 
the  stoops  or  pillars  are  almost  invariably  turned  without  the 
assistance  of  face  brattices.  The  usual  method  of  conducting  the 
air  can«nt,  as  shown  by  the  arrows  in  l^gB-  5  and  6,  is  to  split  it  at 
the  pit  bottom  and  lead  it  round  the  working  faces,  and  back  to  the 
npcast  end  of  the  shaft  by  the  heading  drift  H  driven  straight  to 
the  rise  from  the  pit  bottom.  The  size  of  the  main  airways  is 
seldom  larger  than  20  square  feet  area,  and  the  quantity  of  air 
travelling  in  each  of  the  two  splits  does  not  often  exceed  10,000  cubic 
feet  per  minute,  or  20,000  cubic  feet  per  minute  total  quantity  of 
air  passing  through  the  entire  mine. 

The  furnace  is  the  universal  rarefying  power  for  ventilation. 
The  steam  jet  as  a  principle  has  not  been  adopted,  the  only 
applications  of  steam  for  ventilating  purposes  being  in  working 
with  underground  engines,  where  the  exhaust  steam  is  discharged 
into  the  npcast  shaft.     The  furnaces  employed  for  ventilation  are 
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built  a  good  deal  after  the  Newcastle  model ;  not  so  large  certaiiily, 
but  tlie  same  in  shape.  A  section  of  a  yentilating  ftunaoe  is  shown 
in  Fig.  4,  Plate  74 ;  the  firegrate  K  is  about  7  feet  long  by  5  feel 
wide,  placed  about  20  inches  or  2  feet  above  the  floor.  The  spring 
of  the  arch  is  about  3  feet  above  the  firebars,  and  the  arch  is 
turned  with  a  rise  of  about  2 j  feet  in  the  centre.  The  funuice  is 
usually  placed  about  40  feet  back  from  the  upcast  shaft,  and  the 
arch  over  the  fire  is  built  forwards  into  the  shaft.  The  whole 
volume  of  the  return  air  from  the  workings  is  made  to  pass  over 
the  fir^rate,  as  the  return  current  is  never  inflammable,  and  ihere 
is  never  anj  necessity  for  dumb  drifts. 

The  usual  form  of  winding  engines  employed  is  a  pair  of  coupled 
horizontal  engines  with  cylinders  varying  from  20  inches  to  30  inches 
diameter,  4  to  5  feet  stroke,  and  10  to  13  feet  winding  drums  on  the 
first  motion.  The  weight  of  the  hutch  or  wagon  bringing  the  coal 
from  the  collier  is  about  4  cwts.,  and  it  contains  about  10  cwts.  of 
coal.  Two  hutches  are  usually  raised  at  a  time,  so  that  the  load  on 
each  rope  is  about  28  cwts.,  exclusive  of  the  cage  which  weighs 
from  5  to  7  cwts.  The  quantity  raised  from  each  pit  ranges  from 
50  to  350  tons  per  day.  Hemp  ropes  are  in  most  oonmion  use: 
where  wire  ropes  are  used,  round  wire  ropes  are  becoming  more 
common  in  deep  pits.  Flat  wire  ropes  were  a  good  deal  used ;  bat 
there  is  an  impression  among  Scotch  engineers  that  they  are  not 
economical,  and  this  is  attributed  to  an  unequal  straining  on  the 
difierent  plies  forming  the  rope,  and  they  have  been  abandoned  in 
many  coUieries  on  this  account. 

The  cost  of  sinking  and  fitting  the  pits  of  course  depends 
entirely  upon  the  depth  and  the  quantity  of  water  to  be  contended 
with.  The  nature  of  the  strata  in  all  parts  of  the  coalfield  is  about 
the  same,  consisting  of  alternating  beds  of  sandstone  and  shale. 
Tskking  the  average  quantity  of  water  to  be  raised  from  a  pit  at 
250  gallons  per  minute,  which  is  considered  a  fair  quantity  in  the 
district,  the  cost  of  fitting  and  sinking  a  pit  is — 

for  a  pit  120  yards  deep  abont  £8,000. 
„  160  yards  „  „  ,£6fiO0. 
„        200  yards    „        „     £7,000. 
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These  Emms  are  exclnsiye  of  the  cost  of  the  working  plant  for 
properly  working  the  colliery. 

The  cost  of  working  the  coal  and  putting  it  in  wagons  for 
delivery,  including  royalty  and  all  charges,  yaries  from  3«.  to  48.  6d. 
per  ton  of  22|  cwts.  The  first  of  these  rates  represents  nearly  the 
cost  of  raising  the  Wishaw  Ell  coal,  and  the  latter  the  cost  for  the 
thinner  seams  under  the  Splint  coal.  The  cost  of  raising  and 
calcining  the  ironstone  ready  for  dehvery,  including  royalty  and  all 
charges,  varies  from  10^.  to  18a.  per  ton  of  22|  cwts.  The  general 
average  cost  of  coal  at  the  Coatbridge  Iron  Works,  including 
lordship,  cost  of  working,  and  railway  charges,  ranges  from  bs.  to 
^$,  6d.  per  ton ;  and  the  cost  of  calcined  ironstone  from  18^.  6d.  to 
20^.  per  ton.  Limestone  is  generally  purchased  from  the  limestone 
qnarriers,  and  costs  delivered  at  the  works  about  5«.  dd.  per  ton. 

The  average  royalty  paid  to  the  landlord  is  about  Sd.  per  ton 
on  coal.  The  Wishaw  Ell  coal  however  has  recently  realised  as 
much  as  Is.  Sd.  per  ton.  The  lordship  on  gas  coal  is  one  eighth  of 
the  hill  price  or  the  price  at  the  pit  mouth.  On  blackband 
ironstone  the  lordship  is  2«.  6d.  to  8^.  6d.  per  calcined  ton  of 
22^  cwts. ;  and  on  clayband  ironstone  Is.  to  Is.  M.  per  calcined  ton 
of  22|  cwts.     The  lordship  on  limestone  is  about  id,  per  ton. 

Bcdlway  <md  Oa/naZ  AceommodcUum. — The  district  is  accommo* 
dated  by  the  Caledonian,  Edinburgh  and  Glasgow,  Monkland, 
Scottish  Central,  and  Glasgow  and  South  Western  Railways ;  and 
by  the  Monkland,  Forth  and  Clyde,  and  Union  Canals. 

The  Caledonian  Railway  lies  over  the  most  valuable  part  of  the 
cocklfield,  and  accommodates  the  most  valuable  coals  in  the  upper 
series  of  minerals.  On  the  line  from  Glasgow  to  Edinburgh  it 
passes  the  Caulm  limestone  and  fireclay  field  at  Gamkirk.  It 
enters  upon  the  coalfield  at  Gartcosh  station,  ronning  over  the 
outcrop  of  the  Kiltongue  coal.  «  It  then  passes  the  coUieries  of 
Ghvrtsherrie,  Coatbridge,  Whifflet,  Holytown,  and  enters  upon  the 
great  Wishaw  coalfield  at  Motherwell  and  leaves  it  near  Carluke. 
The  Lesmahagow  branch  brings  the  gas  coal  from  Lesmahagow, 
the  ironstone  from  Bankend,  and  the  upper  coals  from  Larkhall, 
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AUanton,  Femiegair,  and  other  oollieries  as  &r  up  ihb  line  as 
to  near  Anclieiilieatli.  The  Wilsontown  branch  takes  the  gaa  ooal 
and  ironstone  from  Wilsontown  and  Forth.  The  Gljdesdale  Junction 
branch  accommodates  the  Newton  and  Butherglen  coalfields,  and 
serves  as  a  rente  for  the  oonyeyanoe  of  coal  firom  the  Wishaw  fidd 
to  the  Bonth  and  east  districts  of  Ulaagow.  The  coal  traffic  on 
this  line  finds  a  shipping  port  at  Glasgow,  Gh^eenock,  Qranton,  aad 
Leith  on  one  system  of  railways ;  and  at  Kiridntilloch  on  boazd  canal 
boats  by  means  of  the*  Kirkintilloch  branch  of  the  MonHand 
Bailways. 

The  Edinburgh  and  Glasgow  Bailway  main  Hne  passes  over 
the  Fossil  and  Bishopbriggs  ironstone  field,  and  with  the  assistance 
of  the  Scottish  Central  and  Monkland  Bailways  opens  np  a 
communication  between  the  Coatbridge  ironworks  and  the  Denny 
ironstone  field.  The  Bedding  collieries  are  on  the  main  line,  and 
the  Blackbraes  collieries  are  connected  with  it  by  the  Bladdmea 
•branch.  The  Milngavie  and  Helensburgh  branches  pass  over  the 
Milngayie  and  Kelvinside  mineral  field.  The  only  shipping  port  of 
the  Edinburgh  and  Glasgow  line  on  its  own  system  is  Grangemoath, 
but  it  is  in  communication  with  Leith  and  Ghranton  by  the 
Caledonian  Bailway. 

The  Monkland  Bailway  system  accommodates  nearly  the  whole 
area  containing  the  accessible  portion  of  the  slaty  bands  of  ironstone, 
and  conyeys  all  the  ironstones  arising  on  it  to  the  ironworks  over 
one  system  of  railway.  It  acconmiodates  the  Bathgate  cool  aad 
ironstone  field,  and  the  coalfields  of  Slamannan  and  Airdrie.  The 
shipping  ports  on  the  canal  are  Causeway  End  and  KirldntiDoch, 
and  Boness  on  the  sea  board. 

The  ironstone  fields  of  Govan,  Faisley,  and  Johnstone  ai« 
accommodated  by  the  main  line  of  the  Glasgow  and  South  Western 
Bailway. 

The  Monkland  Canal  conveys  the  coab  in  the  Baillieston  and 
Drumpeller  districts  to  the  ironworks  or  to  Glasgow,  or  to 
Greenock  by  the  Forth  and  Clyde  Canal.  The  Union  Canal 
conveys  the  coals  from  Bedding  and  Causeway  End  to  Bdinborgh. 
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In  eoncltiBion  it  may  be  stated  generallj  that  the  area  oontaiBizLg 
the  most  valuable  coals,  which  are  those  above  and  including  the 
Splint  coal  seam,  is  comprised  within  the  area  shaded  dark 
on  the  general  plan.  Fig.  1,  Plate  72 :  it  is  bounded  on  the  west 
by  Glasgow ;  on  the  north  by  Greenfield,  Gardowan,  Easterhouse, 
Heatheiyknowe,  Gtartsherrie,  Airdrie,  and  Standrig;  on  the  east 
by  Clarkston,  Ghapelhall,  and  Gleland ;  and  on  the  south  by  Dalserf 
and  TArkhall.  The  area  containing  the  Virtue  Well,  Kiltongiie, 
and  Drumgray  coals,  and  the  ironstones  in  their  locality,  extends 
as  &r  north  as  Jawcraig,  Falkirk,  and  Grangemouth;  east  as  £Eur 
as  Bathgate ;  and  south  to  near  Carluke.  The  area  containing 
the  seams  in  the  locality  of  the  Fossil,  Garscadden,  and  Dairy 
ironstones  extends  as  far  north  as  Duntocher,  Milngavie,  Kilsyth, 
and  Denny;  and  as  &r  east  as  Bathgate  and  Wilsontown;  and 
nearly  as  &r  south  as  Lanark.  It  has  been  from  these  districts 
that  the  supply  of  coal  and  ironstone  haa  been  ahnost  wholly 
derived  during  the  last  hundred  years. 

The  whole  Glasgow  mineral  district,  forming  the  subject  of  the 
present  paper,  contains  111  blast  fimiaces  producing  about  900,000 
tons  of  pig  iron  per  annum,  and  consuming  about 
2,600,000  tons  of  ooal 
1,485,000  tons  of  Ironstone 
445,000  tons  of  limestone. 
The    entire    district  contains    about   260   collieries,   which  raise 
annually  about  8,500,000  tons  of  coal,  or  nearly  77  per  cent,  of  the 
whole  produce  of  Scotland. 


Mr.  Nbil  Bobson  thought  the  paper  just  read  gave  a  clear 
account  of  the  present  state  of  the  Glasgow  coalfield,  and  he  could 
confirm  the  accuracy  of  the  statements  contained  in  the  paper.. 
He  enquired  whether  any  attempts  had  been  made  to  introduce 
coal-cutting  machines  practically  in  any  part  of  this  district,  as  he 
thought  an  application  of  machinery  for  that  purpose  was  now 


Digitized  by  VjOOQ  IC 


244  GLASGOW  COALHELD. 

greatly  needed  for  enabling  the  coal  masters  to  keep  their  men  in 
order.  He  had  seen  a  coaJ-cntting  machine  at  work  at  Hetton 
ColHery,  Durham,  about  a  year  ago,  which  he  thought  highly  of  as 
a  step  in  the  right  direction,  though  it  would  require  a  great  deal  to 
be  done  to  it  in  order  to  make  it  practically  usefuL  That  macliiiie 
had  been  obtained  from  Leeds  by  Mr.  Nicholas  Wood,  for  the 
purpose  of  showing  it  in  operation  at  the  Hetton  Colliery  during 
the  meeting  of  the  British  Association  at  Newcastle.  It  was  driren 
by  compressed  air,  which  was  conveyed  down  the  pit  and  th» 
carried  to  the  working  &ce  of  the  coal  at  a  distance  of  500  yards 
from  the  bottom  of  the  shafb.  He  beheved  these  machines  were 
already  increasing  in  number,  but  he  was  not  aware  of  any 
of  them  haviog  been  put  to  work  yet  in  the  neighbourhood  of 
Glasgow. 

Mr.  W.  MoOBE  believed  the  only  trial  yet  made  in  Sootiand  of 
a  coal-cutting  machine  had  been  at  a  colliery  at  Bedding,  near 
Falkirk.  The  machine  was  worked  by  compressed  air,  conveyed 
down  the  pit  in  pipes  of  3  or  4  inches  diameter,  and  led  a  quarter 
of  a  mile  underground  to  the  machine. 

Mr.  Ralph  Moore  said  he  had  witnessed  the  experiments  with 
two  different  coal-cutting  machines  at  the  West  Ardsley  Collieiy 
near  Wakefield  and  at  Bedding  Colliery  near  Falkirk,  but  in  neither 
case  did  the  results  lead  him  to  think  that  the  machine  would  become 
practicable  for  some  time  to  come.  The  West  Ardsley  machine  was 
simply  an  ordinary  pick  worked  through  a  bell-crank  lever  by  the 
piston  rod  of  the  air  cylinder,  giving  a  motion  corresponding  to  the 
ordinary  horissontal  stroke  of  the  pick  in  hand  work :  this  did  not 
seem  to  work  very  well  at  present,  though  it  appeared  likely  to 
be  made  to  answer  ultimately.  The  trial  at  Bedding  had  been  made 
with  a  rotary  motion  of  two  picks,  something  like  a  circular  saw 
with  only  two  teeth,  which  had  appeared  to  be  a  better  plan :  as  yet 
however  the  machine  had  not  been  found  frdly  successful,  and  it 
had  consequently  been  abandoned  at  Bedding  for  the  present. 

Mr.  E.  A.  CowPEB  said  that  the  coal-cutting  machine  working  at 
the  West  Ardsley  Colliery  was  that  of  Messrs.  Donisthorpe  Firth 
and  Bidley  of  Leeds,  and  was  working  regularly  at  that  oollieij. 
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The  action  was  simply  that  of  an  ordinary  piok,  worked  backwards 
and  forwards  by  means  of  a  bell-crank  lever,  producing  the  same 
stroke  that  a  man  wonld  give  by  hand,  but  with  the  advantage  of 
greater  force  and  regularity  in  the  blows  of  the  machine*  The 
pressure  of  the  compressed  air  was  4<0  lbs.  per  square  inch,  and  the 
machine  was  worked  by  a  boy  moving  the  slide  valve  of  the  air 
cylinder  by  a  handle  for  each  stroke  of  the  pick,  in  the  same  manner 
as  in  working  a  steam  hanmier.  From  the  accounts  that  he  had 
heard  of  the  machine  it  appeared  to  be  a  thoroughly  practical 
one,  and  performed  the  work  of  undercuttdng  the  coal,  which  was 
ordinarily  done  by  the  colliers  lying  on  their  backs.  Mr.  Nicholas 
Wood  had  expressed  a  very  fe^vourable  opinion  of  the  machine, 
stating  that  in  hard  coal  it  undercut  about  50  feet  length  in  the 
course  of  a  night,  and  in  softer  coal  about  100  feet ;  and  the  coal  so 
undercut  was  then  got  by  the  colliers  in  the  day. 

The  President  enquired  what  length  of  coal  a  collier  could 
ordinarily  undercut  in  an  hour,  and  what  was  the  size  of  the 
excavation  made  in  undercutting  to  a  depth  of  3  feet  in  horn  the 
&ce. 

Mr.  Balph  Moore  repHed  that  a  collier  could  undercut  about 

2  feet  length  of  coal  in  an  hour,  and  in  undercutting  to  a  depth  of 

3  feet  the  width  of  the  cut  would  be  about  6  inches  at  the  face, 
tapering  to  a  point  at  the  further  end.  The  motion  of  the  pick  in 
the  West  Ardsley  coal-cutting  machine  was  not  exactly  like  that 
given  by  the  collier  by  hand,  as  the  machine  merely  struck  the  blow 
with  the  pick  by  a  reciprocating  movement,  but  a  collier  after 
striking  the  blow  used  the  pick  as  a  wrench  to  break  the  coal  away; 
and  until  that  wrenching  motion  also  was  obtained  in  working  the 
pick  by  the  machine,  he  did  not  think  it  would  succeed  very  well« 
The  circular  saw  motion  that  had  been  tried  at  Bedding  had  been 
attempted  as  an  improvement  upon  the  simple  pick,  and  the  machine 
at  Bedding  undercut  a  length  of  about  3  or  4  yards  per  hour  to  a, 
depth  of  3  feet  in.  That  was  the  greatest  amount  of  work  it  had 
accomplished  in  the  hard  coal  at  Bedding;  but  the  machine  at 
West  Ardsley  had  done  considerably  more,  because  it  was  working 
in  very  much  softer  coal. 
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Mr.  Nbil  Bobsoh  remarked  that  the  maeliiiie  wliicli  lie  Imd  Been 
ai  work  at  the  Hetton  CoDieiy  ga^e  a  great  saTisg  in  coal  ai  weQ 
ae  in  oollier's  labour ;  sinoe  inrtead  of  taking  oat  a  out  6  or  9  iaehea 
iride,  as  in  hand  cutting,  it  made  a  ent  onlj  about  2|  inches  wide 
on  an  aTerage,  and  thns  saved  the  rest  of  the  ooal  thai  wtMild  hare 
been  eKcaraied  in  hand  labonr,  as  the  ooal  ent  ont  -was  aQ  made 
into  dross  or  slack  by  the  prooess  of  ontting.     This  did  not  matter 
80  mnch  in  the  case  of  the  Newcastle  ooal,  as  that  was  a  caking 
ooal,  and  therefdre  the  small  coal  was  yalnable  and  ooold  be  need 
foft  making  coke;  bat  with  other  coals  the  small  coal  was  not  of 
so  mnch  ose,  and  was  in  fad  partly  wasted.     The  saving  effected 
bj  the  machine  in  catting  the  coal  was  therefore  great  in  respect  of 
coal  as  well  as  in  laboar.     He  accordingl j  hoped  to  see  ooal-catting 
machines  bronght  into  more  general  nse. 

Mr.  J.  Manning  had  seen  a  hjdraolic  coal-catting  machine  at 
work  at  the  Kippaz  Colliery  near  Leeds,  oonstracted  bj  Messrs. 
Garrett  and  Marshall,  having  a  horizontal  arm  projecting  from  the 
piston  rod  at  the  side  of  the  machine  and  carrying  a  catting  tool  or 
chisel,  which  was  worked  by  water  pressure  with  an  action  hke  a 
horisontal  slotting  machine ;  so  that  as  the  machine  travelled  along 
the  face  of  the  coal,  the  tool  cut  oat  a  narrow  notch  or  slot  to  the 
required  depth.  It  thus  saved  the  large  amount  of  waste  that  was 
occasioned  by  the  quantity  of  small  ooal  necessarily  made  in  under* 
cutting  by  hand  labour. 

Mr.  W.  P.  BsALS  enquired  whether  there  was  found  to  be  any 
danger  of  spontaneous  ignition  of  the  coal  in  the  Scotch  collieries 
in  working  on  the  long  wall  system,  where  it  was  necessary  to  keep 
roads  open  through  the  goaf;  and  what  precautions  were  adopted 
to  guard  against  such  an  occurrence.  He  asked  also  whether  any 
case  was  known  in  which  ignition  had  been  the  rssolt  of  the 
exposure  of  pyrites  to  the  air  in  th^  pit,  or  whetiier  there  was  any 
ether  cause  of  danger. 

Mr.  W.  MooBB  believed  the  only  coal  in  Sootlazid  liable  to 
spontaneous  ignition  was  the  Hurlet  coal,  the  lowest  in  the  ooal- 
feld.  It  took  fire  a  few  yeara  ago  in  the  Victoria  Pit  West,  near 
Nitshill,   but  the   fire  was   very  slight,   and  was^  soon  put  cjtL 
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In  that  oftse  ike  ignition  was  attribated  tO  pyrites,  nor  did  he  ktioir. 
of  any  othdr  oanse.  Spontaneous  ignition  however  was  not  by  any 
means  of  frequent  occnrrence,  and  that  was  the  only  instance  of  it. 
ihat  he  knew  of  daring  the  past  seven  or  eight  years. 

Mr.  Ralph  Moobe  said  that  in  collieries  where  there  was  any 
liability  to  spontaneous  ignition  of  the  cOal,  in  working  on  the  long 
wall  system,  the  practice  was  to  bnild  a  double  wall  on  each  side  Of 
the  roads  throngh  the  gOaf,  the  centre  of  each  wall  beiag  filled  in  lik« 
a  cofferdam  with  about  6  or  8  inches  thickness  of  sand.  Then  when 
the  roof  came  down  it  compressed  the  sand  and  made  the  walla 
perfectly  air-tight^  preventing  any  air  from  getting  through  into  the 
goaf.  He  had  had  occasion  recently  to  examine  some  workings 
where  the  roads  had  been  constructed  in  that  way  through  the  goaf, 
and  at  one  place  he  had  had  a  hole  broken  into  the  wall  at  a  distance 
of  about  80  yards  behind  the  point  to  which  the  workings  of  the 
ooaJ  had  then  advanced,  in  order  to  see  the  state  of  the  wall  after 
standing  that  length  of  time;  and  he  found  the  layer  of  sand 
inside  the  wall  was  quite  solid,  forming  an  effectual  barrier  to 
the  passage  of  air. 

The  Prssidsnt  enquired  what  was  the  relative  durability  of  the 
hemp  and  wire  ropes  used  for  winding  in  the  pits,  and  whether  any 
steel  wire  ropes  were  used  for  the  purpose  in  the  Scotch  collieries ; 
also  what  diameter  of  puUey  was  generally  used  for  them  to 
work  over. 

Mr.  W.  MooBE  had  found  that  a  hemp  rope  used  for  winding 
in  a  pit  200  yards  deep  lasted  about  15  months  with  ordinary 
working,  drawing  from  150  to  200  tons  per  day ;  and  a  round  iron 
wire  rope  under  the  same  work  lasted  12  or  13  months,  while  a  flat 
wire  rope  lasted  only  about  11  months.  The  pulleys  employed  over 
which  the  rope  passed  were  generally  10  to  12  feet  diameter.  He 
did  not  know  of  any  steel  wire  ropes  being  used  at  any  of  the 
collieries  in  that  district. 

Mr.  D.  Adamson  believed  steel  wire  ropes  were  now  being 
adopted  for  winding  at  several  collieries  in  England,  and  had  no 
doubt  their  application  for  that  purpose  would  be  very  valuable,  as 
he  understood  the  practical  success  of  steam  ploughing  had  been 
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aito'bated  by  Mr.  Fowler  in  a  great  measure  to  the  iniroductioii  of 
steel  wire  ropes  in  place  of  iron  wire,  on  account  of  the  superior 
strength  and  lightness  of  the  steel  ropes.  The  results  of  workng 
with  steel  wire  ropes  as  compared  with  hemp  ropes  for  colliery 
winding  had  been  found  to  be  that,  when  a  flat  wire  rope  passed 
oyer  the  winding  drum  and  the  pulley  with  both  bends  in  the  same 
direction,  the  steel  rope  lasted  longer  than  the  hemp  rope  of  the 
same  original  tensile  strength;  but  in  winding  with  two  ropes, 
the  second  rope  must  pass  oyer  the  pulley  and  under  the  winding 
drum,  and  was  thus  bent  in  opposite  directions ;  and  in  that  case 
a  steel  rope  was  found  not  to  last  half  as  long  as  when  both  the 
bends  were  in  the  same  direction. 

The  President  moyed  a  yote  of  thanks  to  Mr.  Moore  for  his 
paper,  which  was  passed. 


The    following    paper,    communicated    through    Mr.  Daniel 
Adamson  of  Manchester,  was  then  read : — 
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ON  THE  CONSTRUCTION  OF  BLAST  FURNACES 

AND  THE  MANUFACTURE  OF  PIG  IRON 

IN  THE  CLEVELAND  DISTRICT. 


Bt  Mb.  JAMES  GEOBGE  BECKTON,  of  Whitbt. 


Within  the  last  ten  years  the  Blast  Furnaces  which  have  been 
erected  in  the  Cleveland  district  have  been  graduallj  increased  in 
size  both  in  diameter  and  height ;  and  these  alterations  have  thus 
fiuT  been  attended  with  good  resnlts,  so  mnch  so  that  ahnost  aU  the 
new  fnmaces  now  in  course  of  erection  are  being  built  with  boshes 
ranging  from  16  feet  to  22|  feet  diameter,  and  from  60  feet  to  75  feet 
in  height  from  the  bottom  of  the  hearth  to  the  filling  plates  at  the 
top.  PrcTiously  the  frimaces  ranged  from  13  feet  to  15  feet 
diameter  at  the  boshes  and  from  45  feet  to  50  feet  in  height,  the 
extreme  increase  being  about  70  per  cent,  in  both  dimensions.  The 
Tnn.-riTmiTn  diameter  of  the  boshes  appears  not  yet  to  have  been 
attained ;  and  the  limit  to  the  height  will  apparently  be  found  in  the 
strength  of  the  coke  to  support  the  crushing  force  of  the  high 
column  of  materials  in  the  large  blast  furnace.  The  make  of  pig 
iron  has  increased  at  the  same  time  from  200  tons  per  week  in  the 
small  furnaces  to  300  tons  in  the  large  frimaces. 

The  average  quantity  of  materials  used  in  the  production  of  one 
ton  of  pig  iron  in  the  large  ftimaces  is  as  follows : — 

26  cwts.  of  Dnrham.  ooke, 

70  owt8.  of  Oleveland  ironstone^ 

15  cwtB.  of  limefitone, 

10  cwts.  of  ooal  for  boilers,  hot-blast  stoTes,  and  caloining  kilnB. 

121  cwts.  total 

or  about  6  tons  of  materials  per  ton  of  iron  made.  Formerly  the 
qiDLantiiy  of  coke  used  per  ton  of  iron  made  averaged  35  pwts. 
instead  of  26  cwts.,  and  the  quantity  of  coal  20  cwts.  instead  of 
10  cwts.      The  writer  does  not  attribute  the  whole  of  the  saving  of 
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fdel  wbicli  has  taken  place  to  the  increased  size  of  the  fiiniaoes 
alone,  as  there  are  sereral  other  improvements  which  have  combined 
to  produce  an  economy  of  fuel  in  the  manufacture  of  pig  iron  in 
the  Cleveland  district,  of  which  the  following  are  some  of  the 
principal : — 

First,  the  more  efficient  management  which  has  taken  place  at 
the  different  works. 

Second,  the  better  adaptation  of  engine  power  and  hot-blast 
stoves  to  the  requirements  of  the  furnaces. 

Third,  the  improved  system  of  calcining  the  ore,  which  was 
formerly  carried  on  by  clamping  in  the  open  air,  but  is  now 
performed  in  properly  constructed  nft-lo«"^"g  Idlns. 

Fourth,  the  higher  degree  of  temperature  of  the  blast  supplied 
to  the  furnaces,  which  was  formerly  heated  in  the  hot-blast  stoves  to 
only  600^  or  700^  Fahr.,  but  is  now  very  generally  being  supplied 
to  the  furnaces  at  a  temperature  of  from  800^  to  900^. 

Fifbh,  the  plan  of  taking  off  the  waste  gas  from  the  furnaces  and 
burning  it  at  the  boilers  and  hot-blast  stoves,  in  place  of  naii^ 
additional  coal  for  this  purpose. 

The  application  of  the  waste  gas  to  the  boUen  and  faot-Uart 
stoves  is  becoming  very  general  at  the  different  works  in  the 
district ;  and  arrangements  are  now  being  made  at  several  of  the 
new  works  in  course  of  erection  for  applying  it  to  the  «J^i"wy 
kilns,  for  the  purpose  of  calcining  the  ironstone.  The  plan  in 
general  use  for  taking  off  the  gas  fit)m  the  blast  furnace  is  the  closed 
fhmace  top  with  bell  and  hopper  sufficiently  large  to  dbarge  from 
8  to  10  tons  of  materials  into  the  furnace  at  once,  and  with  an 
arrangement  for  raising  and  lowering  the  bell  by  hand.  The 
impression  seems  to  be  gaining  ground  that  taking  off  ^e  gas  with 
the  closed  top,  and  in  connection  with  a  large  chimney  double  the 
height  of  the  ftimaces,  does  not  interfere  with  the  operations  of  the 
large  frimace,  either  as  r^^ds  economy  of  frtel  or  quality  and 
make  of  iron. 

A  noticeable  feature  in  the  huge  furnaces  is  the  greater  amouni 
of  time  the  materials  are  allowed  to  remain  in  the  finmaoe.  The 
capacity  of  the  Thomaby  furnaces,  shown  in  section  in  ¥ig^  4% 
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Plftte  80,  witli  20  feet  boshes  and  60  feet  height,  is  12,861  cabio 
feet ;  the  area  of  the  boshes  is  314  square  feet,  and  the  make  of  iron 
800  tons  weekly  per  furnace.  The  capacity  of  the  small  ftumaces 
wUch  were  formerly  erected,  with  14  feet  boshes  and  50  feet  height, 
is  5553  onbic  feet ;  the  area  of  the  boshes  is  154  square  feet,  and 
the  make  of  iron  200  tons  weekly  per  ftimaoe.  In  the  large  furnace 
therefore  there  are  more  than  twice  the  quantity  of  materials 
undergoing  the  process  of  heating,  and  also  remaining  a  longer 
time  in  the  furnace.  Moreover  the  area  of  the  boshes  in  the  large 
fbmace  being  double  that  in  the  small  furnace,  while  the  quantity 
of  iron  produced  by  the  large  furnace  and  consequently  the  quantity 
of  blast  supplied  is  only  one  and  a  half  times  as  much  as  in  the 
small  furnace,  it  follows  that  the  ascending  gases  pass  through  the 
materials  at  a  slower  velocity  and  at  a  lower  temperature  in  the 
large  furnace.  This  allows  the  coke  to  descend  to  the  zone  of 
fusion  without  losing  so  much  of  its  carbon  in  the  formation  of 
carbonic  oxide  as  previously  in  the  small  furnace ;  and  hence  arises 
the  greater  economy  of  fuel  in  the  large  furnace.  To  produce 
300  tons  of  pig  iron  per  week,  the  large  ^unace  requires  to  be 
supplied  with  8000  cubic  feet  of  blast  per  minute  at  a  pressure  of 
B  lbs.  per  square  inch. 

Fig.  1,  Plate  77,  is  a  vertical  section  of  one  of  four  furnaces  at 
the  Ormesby  Iron  Works,  Middlesbrough,  belonging  to  Messrs. 
Cochrane.  These  furnaces  were  erected  in  1855,  and  were  the 
largest  in  the  district  at  that  time ;  the  boshes  are  16  feet  diameter 
and  the  height  is  56|  feet.  The  ftimaces  are  constructed  upon 
land  consisting  of  mud  and  silt,  and  piling  had  therefore  to  be 
resorted  to  in  order  to  secure  a  good  foundation  for  the  furnaces. 
A  bed  of  concrete  was  placed  on  the  top  of  the  piles,  and  six 
inverted  arches  were  turned  on  the  top  of  the  concrete,  and  the 
brick  pillars  carried  up,  and  strong  cast  iron  bearers  fixed  across 
the  top  for  canying  and  binding  the  brickwork  of  the  barrel  and 
boshes.  The  outer  shell  is  bound  with  wrought  iron  hoops,  fixed 
iMar  enough  together  to  prevent  the  barrel  from  cracking.  The 
boshes  are  at  aa  angle  of  75^  from  the  horizontal. 
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Fig.  2,  Plate  78,  is  a  vertical  section  of  one  of  four  foniMes 
erected  in  1858  at  the  Jarrow  Iron  Works,  Newcastle-on-Tyne. 
There  was  a  good  strong  clay  for  the  foundations  of  the  fomaces  to 
rest  upon ;  the  brickwork  was  carried  np  to  the  floor  line,  then 
twelve  cast  iron  colmnns  were  erected,  and  wrought  iron  casiiigg 
fixed  on  the  top  of  these.  The  casings  extend  from  the  top  of 
the  five  tuyere  houses  to  the  top  of  the  boshes,  above  which  the 
barrel  is  bound  with  wrought  iron  hoops  supported  by  T  irons, 
the  latter  being  carried  up  to  the  top,  and  a  flat  ring  rivetted  to 
them  sufficiently  strong  to  carry  the  floor  plates.  The  boshes  ore 
18  feet  diameter,  at  an  angle  of  66^  from  the  horizontal,  and  the 
furnaces  are  60  feet  high. 

Fig.  S,  Plate  79,  is  a  vertical  section  of  one  of  three  furnaces  at 
the  l^ormanby  Iron  Works,  Middlesbrough,  belonging  to  Messn. 
Jones,  Dunning  and  Go.  These  furnaces  were  erected  in  1860,  and 
are  constructed  upon  a  bed  of  concrete,  on  clay  of  a  weak  nature; 
they  are  supported  on  brick  pillars  and  hooped  similarly  to  the 
Ormesby  fomaces.  The  boshes  are  18  feet  diameter,  at  an  angle 
of  72^  from  the  horizontal,  and  the  furnaces  are  58  feet  high. 

Fig.  4,  Plate  80,  is  a  vertical  section  of  one  of  three  fomaces 
erected  in  1862  at  the  Thomaby  Iron  Works,  South  Stockton- 
on-Tees,  belonging  to  Messrs.  Whitwell.  These  furnaces  are 
constructed  upon  piles,  in  consequence  of  the  land  being  mud  and 
silt ;  they  stand  each  upon  twelve  cast  iron  columns,  and  are  cased 
with  iron  similarly  to  the  Jarrow  frimaces.  The  boshes  are  20  feet 
diameter,  at  an  angle  of  68^  frt)m  the  horizontal,  and  the  furnaces 
are  60  feet  high. 

Fig.  5,  Plate  81,  is  a  vertical  section  of  one  of  three  fumacefl 
which  are  being  erected  at  the  Acklam  Iron  Works,  Middlesbrough, 
by  Messrs.  Stevenson,  Wilson,  Jaques  and  Go.  They  are  being 
built  on  piles,  in  consequence  of  the  land  being  mud  and  silt,  and 
are  each  supported  by  twelve  cast  iron  pillars.  The  brickwork 
around  the  boshes  is  cased  with  plates,  and  from  the  boshes  up  to 
the  top  the  barrel  is  bound  with  hoops  and  T  irons.  The  boshes 
are  22|  feet  diameter,  at  an  angle  of  68^  from  the  horizontal,  and 
the  frumaces  are  70  feet  high.     These  furnaces  the  writer  beHeves 
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to  be  the  largest  in  dimenfiions  that  have  ever  been  erected,  and 
their  contenis  will  amonnt  to  no  less  than  1250  tons  of  materials  per 
Aimace :  they  are  expected  to  produce  each  350  tons  of  pig  iron 
per  week. 


Mr.  D.  Adahson  regretted  that  Mr.  Beckton  was  unexpectedly 
prevented  from  being  present  at  the  meeting.  With  some  of  the  blast 
fiimaces  in  the  Cleveland  district  he  had  himself  had  an  opportunity 
of  becoming  acquainted ;  and  in  reference  to  the  semiclosed  plan  of 
famace  top,  for  taking  off  a  portion  of  the  gas  &om  the  j^mace 
throat,  as  shown  in  the  drawing  of  the  Thomaby  furnace,  Fig.  4, 
the  construction  of  top  in  this  case  was  similar  to  that  in  use  at 
Messrs.  Schneider's  furnaces  near  Ulverstone ;  but  although  at  the 
Ulverstone  Aimaces  it  had  been  found  to  work  so  success^illy  that 
the  same  plan  was  being  adopted  for  more  fomaces  at  the  same 
works,  in  the  particular  instance  of  the  Thomaby  furnaces  it  had 
not  been  found  to  answer.  The  centre  tube  or  brick  chimney  for 
taking  off  the  gas  was  carried  upon  six  arches  springing  from  the 
inside  of  the  furnace  throat,  and  the  charging  of  the  materials  into  the 
furnace  was  done  through  the  spaces  lefl  between  the  arches ;  and 
the  reason  of  the  failure  of  the  plan  at  the  Thomaby  fomaces  was 
that  constant  trouble  was  occasioned  by  the  damage  done  to  these 
arches  in  charging,  owing  to  the  large  size  of  the  material  in  the 
charges.  The  Cleveland  ironstone  was  raised  from  the  mines  and 
supplied  to  the  ftimaces  in  very  large  pieces,  and  would  not  pay  for 
being  broken  to  a  smaller  size,  on  account  of  its  friable  nature  and 
the  quantity  of  waste  that  would  be  made  in  breaking  it  up ;  and 
in  charging  the  furnace  with  these  large  pieces  they  broke  down  the 
arches  carrying  the  centre  tube,  so  that  this  plan  had  now  been 
abandoned  at  the  Thomaby  furnaces,  and  they  were  about  to  have 
closed  tops  put  on  of  the  usual  construction  for  taking  off  the  whole 
of  the  gas. 

n2 
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Independent  however  of  the  trouble  arising  with  the  arches  in 
the  semiclosed  plan  of  furnace  top,  it  was  also  found  at  the  Thoniabj 
famaces  that  the  portion  of  the  gas  so  taken  off  was  not  sufficient 
in  quantity  for  the  purposes  of  raising  steam  at  the  works  and 
heating  the  blast,  even  without  attempting  to  use  any  of  the  gas  for 
calcining  the  ironstone.  In  the  discussion  of  this  subject  at  the 
Liverpool  meeting  in  last  year  he  had  urged  the  desirabiUty  of 
taking  off  the  whole  of  the  gas  from  a  ^imace,  on  account  of  the 
large  additional  heating  power  then  at  command ;  and  this  view 
appeared  to  l)e  confirmed  by  the  experience  in  the  present  instance 
at  Thomaby,  and  by  the  statement  given  in  the  paper  just  read  that 
at  some  of  the  Cleveland  furnaces  where  the  top  was  entirely  dosed 
the  gas  was  likely  to  be  employed  for  calcining  the  ironstone  in 
addition  to  heating  the  steam  boilers  and  the  hot-blast  stoves. 

The  President  enquired  what  was  the  effect  of  the  increased 
size  of  the  Cleveland  blast  furnaces  upon  the  quality  of  the  iron 
made. 

Mr.  D.  Adahson  understood  that  in  the  larger  furnaces  fonndiy 
iron  was  made  with  rather  less  trouble  than  in  the  smaller  ones ; 
and  with  considerably  less  foel,  according  to  the  statement  in  the 
paper.  The  charge  was  thus  lighter  and  the  iron  was  made  at  less 
cost  in  the  larger  furnaces,  which  was  attributed  in  the  paper  to  the 
greater  length  of  time  that  the  materials  remained  in  the  larger 
furnaces. 

The  President  asked  what  size  of  blowing  engine  was  used  for 
the  large  ftimace  at  the  Acklam  Iron  Works. 

Mr.  D.  Adamson  was  not  aware  what  size  of  engine  was  used  at 
the  Acklam  ^imaces,  but  the  majority  of  the  Cleveland  furnace 
were  supplied  with  blast  by  a  number  of  small  blowing  engines,  and 
the  rest  by  a  single  large  engine.  With  regard  to  the  pressure  of 
the  blast,  he  believed  3  lbs.  per  square  inch  or  rather  less  was  usnaDy 
about  the  pressure  at  the  engine  in  the  Cleveland  district,  but  he 
doubted  whether  the  full  pressure  of  the  blast  was  always  obtained 
in  the  furnaces,  as  it  had  been  found  by  applying  gauges  on  the 
tuyeres  at  the  Thomaby  Aimaces  that  the  pressure  at  that  point 
was  considerably  below  what  it  was  at  the  engine.     At  the  Norton 
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fornaceB  of  Messrs.  Warners,  near  Stockton-on-Tees,  tHe  pressure- 
originally  employed  of  2|  lbs.  per  square  incli  liad  now  been  reduced 
to  only  ^  lb.  per  square  inch ;  and  he  understood  the  Kghter  blast 
was  preferred  at  those  ^imaces,  and  that  a  greater  quantity  of 
foundry  iron  was  made  than  with  a  heavier  pressure  of  blast. 

The  President  enquired  what  was  the  usual  number  of  tuyeres 
in  the  Qleveland  ftimaces. 

Mr.  D.  Adamson  replied  that  from  three  to  six  tuyeres  were 
usually  employed.  At  the  Norton  ftimaces  three  large  tuyeres 
were  now  used  with  the  light  blast,  instead  of  six  smaller  tuyeres 
employed  previously  with  the  heavier  blast ;  and  from  the  reduction 
in  the  pressure  of  the  blast,  much  less  engine  power  was  now 
required  in  blowing  the  frimaces  for  the  same  make  of  iron.  At 
another  frimace  however  in  the  neighbourhood,  the  engines  had 
been  kept  loaded  to  2|lbs.  per  square  inch  pressure,  while  the 
pressure  of  the  blast  was  reduced  by  throttling  its  passage  through 
the  main  by  means  of  a  stop  valve ;  and  in  that  instance  consequently 
the  fbn  benefit  of  saving  in  engine  power  by  working  with  a  lighter 
blast  had  not  been  realised. 

Mr.  G-.  Thomson  observed  that  the  size  of  the  blast  Aimace  was 
a  very  important  subject  to  iron  makers,  and  one  upon  which 
experience  differed  a  good  deal;  and  it  was  therefore  highly 
desirable  to  get  all  the  information  possible,  in  order  to  make  a 
&ir  comparison  between  different  sizes  of  furnace.  One  point  to  be 
enquired  into  was  the  relative  quantity  of  iron  produced  and  of 
blast  supplied  in  the  large  and  small  frimaces  :  in  the  large  fdrnaces, 
60  feet  high  and  20  feet  diameter  of  boshes,  making  300  tons  of 
iron  per  week,  the  quantity  of  blast  had  been  stated  in  the  paper 
to  be  8000  cubic  feet  per  minute ;  and  he  enquired  what  was  the 
quantity  of  blast  supplied  to  the  smaller  frimaces,  50  feet  high  and 
14  feet  diameter  of  boshes,  making  200  tons  of  iron  per  week. 

Mr.  Neil  Bobson  did  not  know  the  quantify  of  blast  supplied  in 
the  smaller  Cleveland  frumaces,  but  in  the  blast  frimaces  of  the 
Glasgow  district  the  quantity  of  blast  supplied  to  a  frimace  about 
50  feet  high  and  16  feet  diameter  of  boshes  was  usually  supposed 
to  be  about  6000  cubic  feet  per  minute. 
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Mr.  G.  GocH&ANE  thonglit  tlie  8000  cubic  feet  of  blast  per  mimite, 
wbicli  had  been  stated  to  be  the  snpply  to  the  large  Cleveland 
fximaces,  nrnst  be  the  theoretical  quantity  measured  by  the  total 
displacement  at  the  blast  engine,  without  any  allowance  being  made 
for  escape  between  the  piston  and  the  cylinder  and  for  leakages  in 
the  blast  main :  for  the  quantity  of  coke  consumed  in  the  fdmace, 
26  cwts.  per  ton  of  iron  made,  would  not  require  he  thought  more 
than  6000  to  6300  cubic  feet  of  blast  per  minute,  and  he  could  not 
understand  therefore  so  much  as  8000  cubic  feet  per  minute  being 
supplied  to  the  ^imace. 

Mr.  G.  Thomson  remarked  that  6000  cubic  feet  of  blast  per 
minute  would  be  a  maximum  quantity  in  Staffordshire,  and  there 
were  many  ftimaces  of  smaller  size  in  that  district  to  which  a  much 
smaller  quantity  of  blast  was  supplied. 

Another  point  upon  which  further  information  was  required  in 
connection  with  the  Cleveland  blast  furnaces  was  the  temperature 
of  the  blast  in  the  large  and  small  Aimaces,  and  whether  the  large 
furnaces  had  been  worked  with  the  lower  temperature  of  blast  used 
in  the  smaller  ones.  It  appeared  from  the  paper  that  the  blast  for 
the  larger  ftimaces  was  heated  to  800^  Fahr.,  while  in  the  smaller 
furnaces  the  temperature  had  not  been  carried  beyond  600^ ;  and 
in  order  that  a  fair  comparison  might  be  arrived  at  between  the 
different  sizes  of  furnace,  he  should  be  glad  to  know  the  result  of 
working  the  larger  furnaces  at  -the  lower  temperature  of  600^,  the 
same  as  the  small  furnaces,  since  the  conditions  of  working  should 
be  made  as  nearly  as  possible  the  same  in  the  different  fdmaces. 
The  actual  temperature  of  the  blast  he  believed  was  generally  much 
higher  than  was  indicated  by  the  ordinary  rough  test  of  holding  a 
strip  of  lead  in  the  blast  to  be  melted  by  the  heat ;  since  in  order  to 
melt  the  lead  at  all  under  such  circumstances,  the  temperature  of 
the  blast  must  be  considerably  above  the  melting  point  of  the  metal, 
and  the  real  temperature  was  therefore  not  ascertained  with  any 
approach  to  accuracy  by  the  plan  of  melting  metals  in  the  blast. 
He  enquired  how  the  heat  of  the  blast  was  ascertained  when  it  was 
much  above  the  melting  point  of  lead,  and  whether  any  pyrometer 
was  employed  for  showing  the  temperature  accurately. 
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Mr.  G.  GooHRAKE  replied  that  for  temperatnres  above  that 
indicated  by  the  melting  of  lead  in  the  blast  a  strip  of  zinc  waa 
used  as  the  test  instead  of  lead,  and  by  that  means  a  temperature  as 
high  as  about  850^  was  indicated,  the  melting  point  of  zinc  being 
770®  Fahr. ;  for  the  actual  temperature  of  the  blast,  when  hot 
enough  to  melt  either  lead  or  zinc,  was  found  to  be  as  much  as 
80*  or  90*^  above  the  melting  point  of  the  metal.  This  was 
ascertained  to  be  the  case  as  a  general  rule,  whatever  the  melting 
point  of  the  metal  employed,  849  was  shown  by  the  aid  of  the 
improved  pyrometer  constructed  on  the  principle  of  measuring  the 
temperature  of  a  copper  ball  heated  in  the  blast,  by  immersing  it  in 
a  vessel  of  water ;  which  afforded  the  means  of  measuring  with  the 
greatest  accuracy  the  highest  temperatures  that  were  likely  to  be 
met  with  in  practice. 

Mr.  E.  A.  CowPEE  explained  that  the  pyrometer  referred  to  was 
an  improved  arrangement  of  that  invented  by  Mr.  John  Wilson  and 
described  at  a  former  meeting  of  the  Institution  (see  Proceedings 
Insi  M.  £.,  1852,  page  53),  and  was  a  very  simple  and  accurate 
contrivance  for  measuring  high  temperatures.  It  consisted  of  a 
copper  vessel  holding  exactly  a  pint  of  water,  and  a  small  cylindrical 
piece  of  copper  made  of  such  a  size  that  its  total  capacity  for  heat 
should  be  l-50th  that  of  the  pint  of  water ;  this  copper  piece  was 
held  for  a  sufficient  time  in  the  current  of  heated  blast  until  it 
had  acquired  the  full  temperature  of  the  blast,  and  it  was  then 
dropped  into  the  vessel  of  water,  when  each  50^  that  the  temperature 
of  the  copper  had  been  raised  produced  a  rise  of  1^  in  the  temperature 
of  the  water ;  and  thus  the  real  temperature  was  at  once  read  off 
from  a  thermometer  inserted  into  the  water,  having  a  properly 
divided  scale  showing  50^  for  each  1"  of  the  ordinary  scale  (see 
Proceedings  Inst.  M.  E.,  1860,  page  59).  It  was  by  this  means  that 
it  had  been  ascertained  that,  when  the  heat  of  the  blast  was 
tested  by  a  stick  of  metal  being  just  melted  on  exposure  to  the 
current,  the  actual  heat  of  the  blast  was  about  70®  to  90*>  Fahr. 
above  the  melting  point  of  the  metal.  Thus  if  lead,  melting  at 
620^,  were  just  melted  by  the  blast,  the  heat  of  the  blast  might  be 
taken  to  be  about  690®  ;  zinc  melted  at  770®  and  would  show  about 
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840®  ;  and  antimony  did  not  melt  at  lees  than  830®,  and  its  meHmg 
wonld  therefore  indicate  abont  900® .  Of  conrse  if  the  stick  of  metal 
were  melted  quickly  in  the  blast,  it  showed  that  the  tempentnie 
was  much  higher  than  the  melting  point  of  the  metal;  and 
ordinarily  the  sticks  of  antimony  of  about  5-16ths  inch  diameter 
became  fused  in  8  or  4  secondB  by  exposure  to  the  heated  blast 
from  the  regenerative  hot-blast  stoves. 

Mr.  I^EIL  BoBSON  observed  there  could  be  no  doubt  as  to  the 
importance  of  the  question  of  the  height  of  blast  fomacee ;  and  it 
appeared  from  the  paper  a  height  of  70  feet  had  now  been  reached 
in  the  Cleveland  district,  while  in  the  neighbourhood  of  Glasgow 
the  highest  frimace  was  only  55  feet,  and  generally  the  furnaces 
were  not  more  than  42  feet  high.  At  the  Ardeer  Iron  Works  in 
Ayrshire,  where  there  were  four  ^imaces,  each  52  feet  high  and 
16  feet  diameter  at  the  boshes,  the  regular  make  of  iron  was 
1000  tons  per  week,  or  an  average  of  250  tons  per  week  from  each 
furnace:  occasionally  one  or  two  of  the  frmoaces  would  make 
270  tons  per  week,  while  the  others  might  make  less  than  250  tons 
at  the  same  time ;  but  1000  tons  per  week  was  the  regular  average 
make  throughout  the  year  taking  all  four  together.  The  highest 
make  in  the  Cleveland  district  was  stated  at  about  800  tons  per  weel^ 
with  60  feet  height  and  20  feet  diameter  of  boshes ;  but  in  comparison 
with  the  Scotch  frimaces  the  make  of  the  larger  Cleveland  furnaces 
ought  to  be  as  much  as  400  tons  per  week  for  the  size  of  furnace  used. 
The  temperature  of  blast  employed  was  in  both  cases  from  800^  to 
900®,  and  the  pressure  about  3  lbs.  per  square  inch.  Hence  he 
thought  the  cause  of  the  smaller  produce  of  the  large  Cleveland 
furnaces  was  to  be  sought  in  the  materials  that  had  to  be  worked, 
the  nature  of  the  ironstone  to  be  smelted  and  the  quality  of  the  fuel 
to  be  used.  In  the  Ardeer  furnaces  the  ore  employed  was  in  a 
great  measure  the  blackband  ironstone,  and  the  fuel  was  raw  coal ; 
and  he  presumed  these  must  be  easier  smelted  than  the  materials  in 
the  Cleveland  district,  since  the  Scotch  frimaces,  though  so  much 
smaller,  produced  nearly  as  much  iron  in  the  same  time. 

The  Pbesidekt  enquired  whether  the  frimaces  55  feet  high  and 
16  feet  diameter  at  the  boshes  were  the  largest  furnaces  in  the 
Glasgow  district. 
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Mr.  Neil  Bobson  replied  that  those  were  ihe  largest  of  tlie 
Sootcb  fiimaces.  The  increase  of  height  now  taking  place  in  the 
Cleveland  district  he  considered  was  a  step  altogether  in  the  right 
direction,  and  he  thought  the  pBoper  height  of  ftimace  had  probably 
not  yet  been  attained  in  Scotland. 

Mr.  F.  J.  Bramwell  enqnired  what  W£U9  the  amount  of  the 
different  materials  employed  in  the  Scotch  fomaces  of  52  feet 
height  and  16  feet  diameter,  to  produce  a  ton  of  iron  ;  because  the 
production  of  a  i^omace  must  of  course  depend  upon  the  total 
quantity  of  the  materials  that  had  to  pass  through  it  for  each  ton 
of  iron  made.  It  appeared  from  the  paper  that  in  the  Cleveland 
district  about  5^  tons  of  material  went  into  the  furnace  per  ton  of 
iron  made ;  and  as  the  Scotch  blackband  ironstone  calcined  was  a 
fiEur  richer  material  than  the  Cleveland  ironstone  calcined,  it  would 
be  expected  that  less  material  would  be  found  to  be  required  per  ton 
of  iron  in  the  Scotch  Aimaces  than  in  the  Cleveland  furnaces,  and 
thus  the  production  of  the  latter  would  be  less  in  proportion  to  their 
capacity  than  that  of  the  Scotch  furnaces. 

Mr.  Neil  Bobson  considered  the  quantity  of  materials  required 
in  the  furnace  per  ton  of  iron  made  must  certainly  depend  upon  the 
nature  of  the  ironstone  used ;  and  in  the  Scotch  fomaces  that  he 
had  referred  to  the  ironstone  employed  was  about  two  thirds 
blackband  and  one  third  clayband  and  hsBmatite  ore.  With  these 
ironstones  the  quantities  of  materials  required  to  make  a  ton  of 
pig  iron  were  about  38  cwts.  of  ironstone,  36  cwts.  of  raw  coal, 
6  cwts.  of  limestone,  and  10  cwts.  of  coal  for  the  boilers,  hot-blast 
stoves,  and  calcining :  making  a  total  of  4  tons  10  cwts.  of  materials 
required  per  ton  of  iron  made,  or  about  4  tons  passing  through  the 
blast  furnace  to  yield  1  ton  of  iron,  as  compared  with  the  5|  tons 
stated  to  be  required  in  the  Cleveland  district  to  produce  the  same 
quantity. 

Mr.  D.  Adamson  observed  that  the  difference  was  still  more 
marked  in  the  case  of  ftimaces  working  with  the  hsamatite  ironstone, 
where  the  quantity  of  ironstone  required  per  ton  of  iron  made  was 
about  35  cwts.,  with  5  cwts.  of  limestone  and  20  cwts.  of  coke, 
making  a  total  of  only  about  60  cwts.  or  3  tops  of  materials  passing 
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tbroTigh  the  j^mace  to  make  a  ton  of  iron.  At  Messrs.  Schneider's 
fiimaces  at  Ulyerstone,  in  conseqnence  of  this  advantage  in  working 
the  h»matite  ore,  he  understood  the  regolar  make  of  each  fomaoe 
was  not  less  than  400  tons  of  pig  iron  per  week,  which  conld  be 
increased  to  600 tons  per  week  by  heavy  working;  and  in  ona 
instance,  by  way  of  trying  what  conld  be  done,  a  production  of  as 
much  as  700  tons  in  a  week  had  been  obtained  from  one  furnace. 
A  mere  glance  at  the  works  was  sufficient  to  show  the  great 
difference  in  the  ores  worked  in  the  two  districts,  by  the  comparataro 
absence  of  slag  at  the  furnaces  working  the  hsBmatite  ore,  and  the 
very  large  quantity  of  slag  produced  from  the  Cleveland  fdmaoes, 
which  indicated  the  larger  quantity  of  material  that  had  to  be 
operated  upon  in  the  latter  case  to  produce  a  ton  of  pig  iron.  In 
one  district  the  process  was  comparatively  cleanly,  while  in  the 
other  it  was  dirty  and  rough,  leaving  a  great  deal  of  refuse. 

Mr.  F.  J.  Bbamwell  enquired  what  was  the  length  of  time  that 
the  charge  took  to  pass  through  the  fiunaees  of  the  different  sizes 
described  in  the  paper. 

Mr.  C.  Cochrane  said  that  in  the  Ormesby  furnaces  of  56J  feet 
height  and  16  feet  diameter,  36  hours  was  reckoned  as  the  time  that 
the  charge  remained  in  the  furnace ;  that  is  from  the  time  the 
material  was  put  into  the  furnace  till  it  was  converted  into  iron  in 
the  hearth  36  hours  was  all  that  was  necessary.  This  was  ascertained 
by  observing  that  when  any  alteration  was  made  in  the  charging  of 
the  materials  at  the  furnace  top,  it  took  about  36  hours  before  the 
corresponding  change  took  place  in  the  iron  produced  in  the  hearth. 
The  time  the  material  remained  in  different  sizes  of  furnaces  was  in 
direct  proportion  to  the  capacity  of  the  Aimace  or  the  quantity  of 
material  contained  in  it,  provided  the  volume  of  the  blast  supplied 
to  the  frmace  remained  the  same. 

Mr.  F.  J.  Bramwell  observed  that  if  that  were  the  case,  the 
length  of  time  that  the  materials  remained  in  the  large  furnaces 
would  probably  be  as  much  as  three  days ;  and  he  enquired  whether  it 
was  likely  they  were  actually  so  long  in  passing  through  the  fnmace. 

Mr.  C.  Cochrane  explained  that,  if  the  volume  of  blast  supplied 
to  the  larger  furnaces  were  no  more  than  what  was  blown  into  the 
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snuJler  famaces  in  wlucli  the  materials  remained  about  36  hours, 
the  time  in  the  larger  furnaces  of  70  feet  height  and  22^  feet 
diameter  would  no  doubt  be  as  much  as  72  hours,  owing  to  the 
capacity  of  the  Aimace  and  quantity  of  material  being  double  as 
large.  The  length  of  time  however  was  not  a  question  solely  of  the 
qnantiiy  of  materials  in  the  furnace,  but  also  of  the  volume  of  blast 
supplied ;  and  the  larger  Aimace  would  stand  a  very  much  heavier 
volume  of  blast  without  working  less  economically.  In  practice  the 
increased  quantity  of  blast  supplied  to  the  larger  furnace  was 
probably  such  as  to  reduce  the  time  of  the  material  being  in  the 
fbmaoe  to  about  40  hours  ;  but  he  was  not  aware  what  was  actually 
the  state  of  the  case  in  that  respect.  '  He  did  not  think  there  was 
any  advantage  to  be  gained  by  unnecessarily  detaining  the  materials 
in  the  furnace;  and  as  36  hours  was  found  sufficient  for  their 
passage  through  the  smaller  fdmaces  in  the  Cleveland  district, 
there  appeared  no  object  in  endeavouring  to  make  them  take  longer 
in  passing  through  the  larger  furnaces. 

Mr.  G.  Thomson  thought  it  was  still  a  question  for  consideration 
whether  the  proper  length  of  time  for  keeping  the  materials  in  the 
blast  furnace  had  yet  been  arrived  at,  and  whether  this  ought  to  be 
longer  in  the  larger  Aimaces  than  in  smaller  ones.  Of  course  if  the 
time  was  to  be  the  same  in  both,  the  larger  Aimaces  would  require 
a  very  much  increased  volume  of  blast,  so  as  to  make  the  larger 
quantity  of  materials  pass  through  with  suf&cient  rapidity.  The 
actual  length  of  time  that  the  materials  took  to  pass  through  the 
large  furnace  might  be  deduced,  he  thought,  from  the  capacity  of 
the  furnace  and  its  weekly  make,  if  the  time  of  36  hours  in  the 
smaller  furnace  were  adopted  as  a  criterion.  For  if  36  hours 
were  the  time  in  a  furnace  of  5000  cubic  feet  capacity,  producing 
200  tons  of  iron  per  week,  it  would  follow  that  in  a  fdrnace  of 
12000  cubic  feet  capacity,  working  with  the  same  materials  and 
producing  300  tons  of  iron  per  week,  the  materials  would  occupy 
^^  ^  W^  ^  ii%  ^^  about  57  hours  in  passing  through  the 
furnace.  The  length  of  time  must  however  depend  upon  the  nature 
of  the  materials  employed  in  different  districts,  which  would 
determine  the  volume  of  blast  that  could  be  supplied  to  the  furnace. 

o2 
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It  was  not  the  size  of  a  fomace  alone  however  that  affected  its 
make,  but  the  shape  of  the  j^imace  had  also  much  to  do  with  the 
result ;  and  the  shapes  shown  in  the  sections  of  the  three  fumaoea 
at  Ormesbj,  Jarrow,  and  Normanby  were  so  different,  that  it  would 
be  highly  desirable  to  ascertain  what  were  the  differences  in  the 
results  of  working  of  these  fdmaces  with  the  same  materials. 

The  President  enquired  what  had  been  the  reasons  why  the 
plan  of  taking  off  the  waste  gas  from  the  blast  furnace  had  not 
been  carried  out  at  the  Scotch  furnaces,  as  he  wbjs  not  aware  of  the 
gas  being  taken  off  from  any  frimaces  in  Scotland,  though  so  much 
had  been  done  in  that  respect  in  other  places. 

Mr.  Neil  Robson  replied  that  taking  off  the  waste  gas  from  the 
frimace  head,  and  applying  it  to  heat  the  boilers  and  hot-blast  stoves 
and  to  calcine  the  ironstone,  had  never  been  successfully  accomplished 
hitherto  in  any  of  the  Scotch  ironworks  :  it  had  been  tried  ten  or 
twelve  years  ago  at  several  ironworks  in  Lanarkshire,  but  there 
had  been  several  bad  explosions  of  the  gas  which  had  done  great 
damage,  and  these,  combined  with  the  belief  that  the  closed  top 
had  a  prejudicial  effect  on  the  working  of  the  furnace,  led  to  the 
abandonment  of  the  attempt.  He  did  not  see  however  why  it 
should  not  yet  prove  successful,  and  was  glad  to  learn  it  was  now 
succeeding  in  the  Middlesbrough  district.  Perhaps  some  explanation 
of  the  failure  in  the  Scotch  frimaces  might  be  found  in  the  nse 
of  raw  coal  in  those  furnaces,  which  produced  more  gas  than  the 
coke  burnt  in  the  Cleveland  furnaces. 

Mr.  C.  Cochrane  thought  the  explosions  that  had  occurred  in 
taking  off  the  waste  gas  could  only  have  arisen  from  a  want  of 
proper  precaations.  At  the  Ormesby  furnaces  they  had  had  one  or 
two  severe  explosions  in  starting  the  process,  from  the  men  not 
being  quite  up  to  it,  and  allowing  the  air  to  get  back  into  the  gas 
main,  and  not  igniting  the  gas  at  the  proper  time.  The  danger  was 
that,  if  the  gas  was  not  ignited  at  the  point  intended,  it  accumulated 
in  the  chamber  where  it  ought  to  be  burning ;  and  a  light  applied 
then  was  necessarily  followed  by  instant  explosion.  It  was  only 
necessary  however  to  keep  the  gas  constantly  ignited  at  the  proper 
point,  and  to  take  care  that  the  unignited  gas  was  never  allowed 
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to  reach  a  chamber  where  it  could  become  mixed  with  air  and 
afterwards  be  ignited.  The  use  of  raw  coal  in  the  blast  famace 
instead  of  coke  would  not  at  all  increase  the  danger  of  explosion ; 
the  only  difference  would  be  that  a  richer  and  more  valuable  gas 
would  be  given  off  fipom  the  furnace  burning  coal,  and  when  taken 
off  such  a  gas  would  develop  a  greater  amount  of  heat  for  the 
purposes  to  which  it  was  applied. 

The  President  remarked  that  there  was  all  the  more  reason  on 
that  account  why  the  waste  gas  should  be  utilised  from  the  Scotch 
blast  ^imaces,  and  it  was  satisfactory  to  learn  that  there  were  no 
practical  obstacles  to  the  plan  which  might  not  be  successfully 
overcome.  He  enquired  whether  there  was  any  mechanical  means 
of  preventing  the  air  from  ever  passing  back  into  the  unignited  gas, 
or  whether  it  depended  upon  the  care  of  the  workmen  in  keeping 
the  gas  constantly  ignited. 

Mr.  C.  Cochrane  replied  that  it  was  necessary  to  keep  a  small 
fire  always  burning  in  any  chamber  where  the  gas  was  to  be  lighted, 
in  order  to  ensure  maintaining  such  a  temperature  that  the  gas 
should  always  become  ignited  at  the  moment  of  entering  the 
chamber. 

Mr.  G.  Addenbroqke  thought  the  reason  why  the  waste  gas  had 
not  been  more  extensively  taken  off  from  blast  fiimaces  was  the 
want  of  a  sufficiently  powerful  chimney  draught  to  draw  off  the  gas 
when  the  ftirnace  top  was  left  partly  open.  With  an  entirely  closed 
top  there  was  indeed  the  pressure  of  the  blast  in  the  furnace,  to 
follow  up  the  gas  and  aid  in  expelling  it  from  the  top  of  the  furnace ; 
but  many  descriptions  of  coal  were  not  fitted  to  stand  the  increased 
pressure  of  blast  that  was  rendered  necessary  to  a  certain  extent 
with  a  closed  top  in  order  to  overcome  the  consequent  back  pressure 
in  the  furnace  ;  and  the  partly  open  top  adopted  for  taking  off  the 
gas  in  such  cases  required  the  suction  power  of  a  large  chimney 
for  drawing  the  gas  down  from  the  fiimace  top. 

Mr.  F.  J.  Bramwell  observed  that  at  Messrs.  Schneider's  works 
an  exhausting  &n  had  been  adopted  to  aid  the  chimney  in  drawing 
down  the  gas  firom  the  partly  open  furnace  top  ;  and  he  considered 
the  use  of  a  fan  was  decidedly  the  right  way  to  draw  off  the  gas, 
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and  thought  the  gas  should  also  be  washed  in  order  to  free  it  from 
dust  before  it  was  made  use  of  for  heating  purposes. 

Mr.  T.  J.  P£BKT  understood  the  exhausting  &n  that  had  been 
tried  at  Messrs.  Schneider'^  works  had  been  discontinned  there,  and 
that  it  had  been  found  that  a  tall  chimney  of  great  capacity  was 
practically  more  efficient  for  drawing  off  the  waste  gas  firom  the 
blast  furnaces. 

The  Pbesibbiit  enquired  whether  the  exhausting  &n  was  not 
employed  at  some  of  the  French  ironworks  for  drawing  off  tbe  gas 
from  the  blast  Aimaces. 

Mr.  F.  J.  Bbauwell  beliered  that  was  the  case,  and  that  the  plan 
of  washing  the  gas  after  drawing  it  off  had  also  been  carried  oat 
there. 

Mr.  E.  A.  OowPBB  explained  that  the  French  plan  that  had  been 
mentioned  of  washing  the  gas  drawn  off  from  blast  frmiaoes,  wluch 
was  very  effectiye,  consisted  in  passing  the  gas  through  a  rery  long 
horizontal  pipe  of  D  section,  with  the  round  side  uppennost  0, 
and  the  bottom  open,  except  that  it  was  sealed  by  water  contained 
in  a  long  shallow  trough,  considerably  wider  than  the  pipe,  thns 
forming  a  long  water  joint,  and  affording  the  greatest  fiunhly  for 
remoying  the  dust  from  the  bottom  of  th^  trough  without  any 
stoppage. 

Mr.  Q-.  Thomson  thought  there  would  be  a  deposit  of  tar  in 
the  gas  from  furnaces  using  raw  coal  alone,  ^rhich  might  oaiue 
some  trouble. 

The  Pbesidbnt  moved  a  vote  of  thanks  to  Mr.  Beokton  for  his 
paper,  which  was  passed. 
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The  Passidint  proposed  a  vote  of  thanks,  which  was  passed,  to 
the  Local  Committee^  the  Ghainnan  Mr.  Walter  M.  Neilson,  and 
the  Honorary  Local  Secretary  Mr.  J.  WylHe  Guild,  for  the  excellent 
arrangements  they  had  made  for  the  meeting  of  the  Institution  in 
Glasgow ;  and  also  to  the  Lord  Prorost  and  the  members  of  the 
City  Council  for  their  conrtesy  in  accompanying  the  Members  over 
the  Water  Works  at  Mugdock  on  the  previons  afternoon ;  and  to 
the  varions  Railway  Companies  for  the  focilities  they  had  kindly 
afforded  to  the  Members  for  attending  the  meeting  in  Glasgow  and 
the  Excursions  in  connection  with  the  meeting. 

A  cordial  vote  of  thanks  was  then  passed  to  the  President  for 
his  kind  exertions  in  promoting  the  success  of  the  meeting  of ,  the 
Institution  in  Glasgow,  and  the  hearty  welcome  he  had  secured  for 
the  Members  on  the  occasion. 

The  Meeting  then  terminated.  In  the  afternoon  the  Members 
▼isited  the  Govan  Iron  Works,  the  Parkhead  Forge,  the  Locomotiye 
Works  of  the  Edinburgh  and  Glasgow  and  the  Caledonian  Railways, 
and  the  Hyde  Park  Locomotive  Works.  A  large  number  of 
engineering  and  shipbuilding  establishments  and  other  works  were 
also  opened  to  the  inspection  of  the  Members  during  the  days  of 
the  meeting. 

In  the  evening  the  Members  and  their  friends  dined  together  in 
the  Queen's  Rooms,  in  celebration  of  the  meeting  of  the  Institution 
in  Glasgow. 


On  Thursday,  4th  August,  the  Members  visited  Messrs.  Napier's 
and  Messrs.  Tod  and  Macgregor's  Ship  Building  Yards  at  Govan, 
and  witnessed  the  operations  of  the  Steam  Dredgers  upon  the  Clyde, 
being  conveyed  down  the  river  by  a  special  steamer.  The  Members 
afterwards  proceeded  up  Gareloch,  on  the  invitation  of  the  President, 
to  his  residence  at  Shandon,  where  they  were  most  hospitably 
received  and  entertained  by  the  President ;  and  in  the  evening  they 
returned  to  Glasgow  by  the  special  steamer. 
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On  Friday,  6i}x  AnguBt,  an  Excnrsion  was  made  hy  tlie  Members 
from  Glasgow  to  visit  the  works  of  the  Loch  EAtrine  Water  Wo^rks 
at  Loch  Yennachar  and  Loch  Elatrine,  passing  through  the  Troeachs 
and  returning  by  Loch  Lomond,  where  they  were  handsomely 
entertained  by  the  Local  Committee. 
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PEOCBEDINGS. 

8  NOYEMBfiS,  1864. 


The  GsssRAL  MBBTina  of  the  Members  was  held  in  the  Lecture 
Theatre  of  the  Midland  Institute,  Birmingham,  on  Thnrsdaj, 
3rd  Noyember,  1864;  Edwabd  A.  Oowpbb,  Esq.,  Yice-President, 
in  the  Chair. 

The  Chaibmin  announced  that  the  subject  of  the  continued 
inefficient  state  of  the  Patent  Office  had  been  under  the  consideration 
of  the  Council,  and  the  following  Memorial  to  the  Lord  Chancellor 
had  been  prepared,  and  would  lie  for  the  signature  of  Members  at 
the  close  of  the  Meeting. 

(Copy  of  the  Memorial,) 

TO  THE  RIGHT  HOKOTJBABLB  THE  LOBD  WESTBUBY, 
LORD  HIGH  CHAITCELLOB. 

We,  the  undersigned.  Officers  and  Members  of  the  Institution 
of  Mechanical  Engineers,  being  interested  in  the  due  and  efficient 
working  of  the  Patent  Law  Amendment  Act  of  1852,  beg  most 
respectfully  to  call  your  Lordship's  attention  to  the  report  presented 
to  the  House  of  Commons  by  its  Select  Committee,  appointed  on 
9th  May  1864,  '*  to  enquire  as  to  the  most  suitable  arrangements  to 
be  made  respecting  the  Patent  Office  Library  and  Museum ;"  and 
to  represent  to  your  Lordship  the  great  desirability  that  immediate 
steps  should  be  taken  for  carrying  out  the  conclusions  arrived  at  by 
the  Committee  on  the  evidence,  and  embodied  in  their  report: 
namely,  in  effect,  that  a  proper  Patent  Office  and  Library,  with 
accommodation  for  a  collection  of  models  of  inventions,  should  be 
provided  on  the  site  named  in  the  neighbourhood  of  Chanceiy  Lane, 
and  ihftt  the  expense  attendant  thereon  should  be  defrayed  out  of 
the  surplus  income  of  the  Patent  Office. 

»  2 
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We  ftirtter  beg  to  bring  under  yonr  Lordship's  notice  the  feet 
that  very  great  loss,  and  delay  are  occasioned  to  mannfactmers, 
inventors,  and  other^,  by  the'  want  of  a  complete  classification  and  the 
prompt  Indexing  of  all  inventions,  whether  patented  or  not,  Foreign 
as  well  as  English.  Snch  a  systematic  arrangement  as  is  needed  is 
quite  within  the  compass  of  an  efficient  staff  of  officers  possessed  of 
technical  knowledge,  and  could  be  at  once  proceeded  with ;  the  state 
of  inventions  could  then  be  ascertained,  and  the  common  case  of 
Several  persons  patenting  the  same  thing  would  be  avoided. 

We  trust  your  Lordship  will  pardon  our  now  troubling  yon  on 
these  matters ;  but  the  evils  arising  from  the  present  most  inefficient 
condition  of  the  Patent  Office  are  a  source  of  constant  loss  of  time 
and  annoyance,  and  we  therefore  seize  the  earliest  opportunity  after 
the  publication  of  the  report  of  the  Committee,  to  bring  the  subject 
most  respectfully  under  your  Lordship's  attention ;  and  we  trust 
that  your  Lordship  will  see  fit  to  give  such  orders  as  will  procnre 
for  the  public  the  immediate  and  full  advantages  of  the  Patent  Law 
Amendment  Act  of  1852,  together  with  the  erection  of  proper 
buildings  for  offices  for  the  purposes  of  the  Act. 

Li  January  1853  certain  Members  of  this  Institution  had  the 
honour  of  addressing  a  Memorial  to  the  then  Commissioners  of 
Patents  on  this  subject,  a  copy  of  which  we  take  the  liberty  to 
enclose. 

November,  1864. 


(^Gopy  of  ike  previous  Memorial,) 

To  THE  Bight  HoKotJRABLE  FBEDEBICC  LORD  CHELMSFORD, 

Lord  Hioh  Ghaitcblloe  op  Qreat  Britain  ; 

THE  Right  Honourable  SIR  JOHN  ROMILLY,  Master  ov  the  Bolu; 

SIR  FITZROY  KELLY,  Her  Majesty's  Attorney  General  ; 

AND  SIR  HUGH  McGALMONT  CAIRNS,  Her  Majesty's  Solicitor  Gknibal. 

•  >'  ^  The  Memorial  of  the  undersigned  Officers  and  Members  of  the 
Institution  of  Mechanical  Engineers  humbly  showeth  : 
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That  it  appears  to  your  memorialists  tliat  a  largely  inere^ed 
accommodatioii  is  urgently  required  for  the  numerous  inventors, 
engineers,  and  others,  who  daily  consult  the  official  documents 
and  the  valuable  free  Library  of  the  Great  Seal  t*atent  Office,  and 
who  desire  to  inspect  the  instructive  models  collected  by  tho 
Superintendent  of  Specifications,  to  which  additions  have  been 
contuiuaUy  offered  from  all  parts  of  the  United  Kingdom. 

That  although  recent  alterations  in  the  laws  affecting  patents 
have  stimulated  enquiries  in  every  branch  of  knowledge  connected 
with  industrial  arts,  and  the  publications  of  the  Commissioners 
have  largely  facihtated  such  investigations,  yet  the  frdl  benefit  of 
these  excellent  measures  cannot  be  realised  so  long  as  only  the 
present  small  apartments  are  devoted  to  this  national  undertaking. 

That  the  present  Library  is  the  only  one  in  the  Uilited  Kingdom 
in  which  the  public  have  free  access,  not  only  to  the  records  of  the 
patents  and  inventions  of  this  country,  but  also  to  the  official  and 
other  documents  relating  to  inventions  contributed  by  nilmerous 
foreign  governments,  who  have  liberally  responded  to  the  desire 
of  the  Commissioners  to  promote  international  relations  for  the 
improvement  of  manufactures  by  the  encouragement  of  inventions. 

That  it  cannot  but  be  a  matter  of  regret  that,  while  a  surplus 
already  large  is  continually  accruing  from  the  fees  paid  for  patents 
in  this  country,  the  buildings  devoted  to  the  purposes  of  thd  Patent 
Office  are  insufficient  in  themselves,  and  contrast  most  unfavourably 
with  those  of  foreign  states. 

Your  memorialists  therefore  pray  that  you  will  be  pleased  to 
take  such  steps  as  may  seem  to  you  advisable  for  the  erection  and 
maintenance  of  a  central  commodious  Patent  Office  worthy  of  this 
country,  where  ready  access  may  be  had  to  a  Library,  Reading 
Boom,  and  Museum,  furnished  with  the  papers,  books,  and  models 
indispensable  to  the  right  direction  and  advance  of  British  Industry. 

January,  ISbS. 
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The  MinnteB  of  ilie  last  Meetdng  were  read  and  oonfiimed. 

The  Ghaibman  annonnoed  that  the  Preeidenty  Yioe-Presidenti, 
and  fire  Members  of  the  Ooimcil  in  rotation,  would  go  out  of  offica 
in  the  ensning  year,  according  to  the  roles  of  the  Institntion;  ibcI 
that  at  the  present  meeting  the  Gonncil  and  Officers  were  to  bi 
nominated  for  the  election  at  the  Aimiyersaiy  Meeting. 

The  following  Members  were  nominated  by  the  meeting  fer  the 
election  at  the  Aimiversaiy  Meeting : — 


FBESIDSirr. 


BOBBBT   NAPIEBy 


VICE-F&BSn>BNT8. 

(Bioi  of  fhs  mtmber  to  he 
3gss  Aetdbbson,  . 
Chablbs  F.  Bbtbb,  . 
William  Clay,     . 
Thomas  Hawkslbt,  . 

BOBEBT  HaWTHOBK, 

Edwabd  Humphbts,  . 
Sampson  Lloyd,   . 
Henby  Mattdslay,    . 
John  Bamsbottoh, 
C*  William  Siemens, 


Glasgow. 

eUeted.) 
Woolwidi. 
Manchester. 
liverpooL 
London. 

Newcastle-on-Tyns. 
Xiondon. 
Wednesbiuj'. 
London. 
Crewe. 
London. 


COUNCIL. 

{Fwe  of  the  mtmber  to  he  elected,) 
Pbtbb  D.  Bennett,  .    Westbromwioh. 


Daniel  K.  Glabk,    . 
Edwabd  A.  Cowpeb, 
Geobgb  Habbison,    . 
Thomas  Hawksley, 
Edwabd  Jones, 
Walteb  M.  Neilson, 
Chables  p.  Stewabt, 
John  Vebnon, 


London. 

London. 

London. 

London. 

Wednesbniy. 

Glasgow. 

Manchester. 

Liyerpool. 
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The  Chateman  aonoimced  that  the  Ballot  Lbts  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  foUowing  New 
Members  were  dnly  elected : — 


MEMBERS. 

JoHK  Cowans,  .... 

JOHK  CbAIGIE   HiliKSTT, 

Thomas  C.  Hide, 
William  Wilson  Hulse, 
Edwaiu)  Hutohinson, 
William  K[btlst, 
Geobge  Lindslet,    . 
Waltbb  Macfaslane,   . 
AjtcHiBALD  Francis  Maonab,    . 
Lawsbnce  Thomson  MoEwbn, 
John  William  Miebs,     . 
Joshua  Llewelyn  Moboan, 
Fbebbbiok  Francis  Ommannet,  . 
Benjamin  Lanqfobd  Fosteb  Potts, 
Joseph  D'Aouilab  Samuda, 
Chables  Tennant, 
Walteb  Eybbs  Wabdbn,  . 

honobabt  membbb8. 
John  Tennant,     . 
Falkland  Samuel  Thornton,  . 


Carlisle. 

Edinbnrgh. 

London. 

Manchester. 

Darlington. 

Derby. 

London. 

Glasgow. 

Birmingham. 

Middlesbrough. 

London. 

Aberdnlais. 

Manchester. 

London. 

Loipdon. 

London. 

Birmingham. 


Glasgow. 
Birmingham. 


The  following  paper,  communicated   through  Mr.  Frederick 
Lerick  of  Blaina,  was  then  read : — 
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DESCRIPTION    OF    A    COAL    CUTTING   MACHINE. 


Bt  Ms.  THOMAS  LEYIGE,  of  Blaina  Iron  Wokks. 


The  substitatioii  of  macliinery  for  manual  labour  in  our  Yarions 
mannfactnres  and  industries,  the  gradual  development  of  railways, 
and  the  application  of  steam  to  navigation,  hare  increased  in  a 
wonderfol  manner  the  demand  for  coal,  that  being  the  chief  agent 
in  the  production  of  the  motive  power  in  all  these  cases.  In  the 
early  periods  of  the  working  of  the  coalfields  the  produce  of  ooal 
was  very  limited,  the  only  means  of  conveying  it  &om  the  pit  to  tlie 
shipping  port  being  on  pack  horses  canying  only  3  cwts.  each,  wluch 
were  succeeded  by  the  cart,  increasing  the  load  to  17  cwts.  But  by 
the  introduction  of  railways  the  annual  produce  and  consumption 
of  coal  in  Great  Brit^  was  raised  in  1855  to  64  millions  of  tons,  in 
1859  to  70  millions,  and  in  1860  to  80  millions ;  and  according  to 
Mr.  Hunt's  returns  it  has  now  reached  the  enormous  quantiiy  of 
nearly  90  millions  of  tons  per  annum. 

Although  coal  has  thus  been  so  useful  in  promoting  and  extendiog 
the  use  of  machinery,  machinery  has  not  yet  returned  the  compliment 
by  its  application  to  the  working  of  coal ;  it  has  only  made  varions 
fiitile  attempts,  and  only  within  the  last  year  or  two  have  any  reaUy 
practical  attempts  been  made  to  lessen  or  supersede  manual  labonr 
in  working  coal :  the  working  or  getting  may  in  fact  be  considered 
to  remain  still  in  the  same  condition  as  in  the  pack-horse  age. 
Machinery  has  certainly  aided  the  increased  production  of  coal  by 
winding  and  pumping  engines  and  by  incUnes  above  and  below 
ground ;  but  this  kind  of  machinery  has  only  &cilitated  the 
movement  of  the  coal  after  it  has  been  wrought  by  the  ooUior. 
The  actual  working  or  getting  it  from  the  position  in  which  it  has 
been  deposited  in  the  mine  ages  ago  is  still  accomplished  only  by 
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tools  of  iihe  most  primitiye  kind,  plied  by  the  strong  arin  of  the 
sturdy  collier  nnder  the  most  disadvantogeons  circumstances;  for 
he  has  to  wield  the  pick  in  a  stooping  or  lying  position,  most 
nnfaronrable  to  the  application  of  his  mnscnlar  force,  and  this 
frequently  in  an  atmosphere  not  only  not  remarkable  for  its  purity 
but  sometimes  of  a  temperature  as  high  as  80®  to  90®  Fahr. 

The  constant  but  gradual  increase  of  temperature  in  penetrating 
the  earth's  crust,  which  takes  place  at  the  rate  of  about  1®  Fahr.  to 
each  60  feet  of  depth  is  well  known.  In  the  Monkwearmouth 
Colliery,  the  depth  of  which  is  1800  feet,  the  temperature  is 
80®  ;  and  this  is  considered  to  be  as  high  as  is  consistent  with  the 
great  bodily  exertion  necessary  in  the  operation  of  coal  mining. 
There  is  also  an  additional  augmentation  in  the  temperature  of  deep 
mines  consequent  on  the  increased  density  of  the  air,  and  this  is 
about  1®  for  every  300  feet  of  depth.  Certain  portions  of  the  coal 
in  the  deeper  coal  basins  lie  at  depths  approaching  and  even 
exceeding  4000  feet ;  and  the  temperature  of  the  air  at  this  depth 
according  to  the  foregoing  data  would  be  79®  higher  than  at  the 
surface,  66®  being  due  to  the  depth  and  13®  to  increased  density  of 
the  air.  The  oomputations  therefore  of  the  duration  of  the  coal- 
fields, as  has  been  pointed  out  by  Sir  William  Armstrong,  require  a 
considerable  reduction  in  consequence  of  the  impracticable  depths 
at  which  portions  of  them  are  situated  ;  and  any  means  of  increasing 
the  practicability  of  working  at  these  depths  by  the  application  of 
machinery  becomes  consequently  a  question  of  serious  importance 
in  reference  to  the  duration  of  the  coalfields,  in  addition  to  the 
advantages  in  economy  of  cost  and  time  of  working  and  in  saving 
waste  of  material  that  are  incident  to  the  substitution  of  machineiy 
for  hand  labour. 

Many  attempts  have  been  made  during  a  century  past  to 
construct  coal  cutting  machines.  One  of  the  earliest  was  that  of 
Michael  Menssies  in  1761,  consisting  of  a  pick  fixed  on  the  axle  of  a 
pulley  placed  near  the  fia^e  of  the  coal,  to  which  a  reciprocating 
motion  was  given  by  means  of  a  chain  passing  round  the  pulley  and 
connected  with  a  steam  engine  at  the  surface,  the  pick  performing 
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the  operation  of  kirring  or  hoHag.  He  alao  invented  a  piok 
machine  to  be  worked  by  hand. 

In  1830  a  battering  ram  for  coal  mines  was  proposed  by  WiUiam 
Wood.  This  was  a  heavy  ram  fixed  in  a  sliding  box  acting  on  » 
wedge,  the  ram  being  worked  backwards  and  forwards  by  mamuJ 
labonr. 

The  next  to  be  noticed  is  a  plan  in  184i3  consisting  in  aj^^J^ing 
rotary  saws  or  picks  driven  by  a  winch  or  an  engine  for  the 
pnrpose  of  severing  blocks  of  coal  from  the  snrronnding  mats. 
This  was  one  of  the  first  attempts  for  nsing  rotary  catters,  and 
the  arrangements  were  complicated. 

In  1846  a  plan  was  proposed  by  Mr.  W.  H.  Bell  for  suspending  a 
heavy  pick  or  chisel  by  a  chain  £rom  a  bar  mnning  along  the  face 
of  the  work  at  the  roof,  so  as  to  be  swung  by  hand  against  the  ooaL 

In  1852  a  machine  was  applied  by  Mr.  W.  D.  Hedley,  similar  in 
its  action  to  a  planing  machine,  having  a  cutting  tool  projecting  from 
the  side  of  a  carriage  running  on  a  railway,  and  the  tool  was  made 
to  cut  deeper  and  deeper  into  the  face  of  the  coal  by  repeatedly 
traversing  the  carriage,  and  setting  the  tool  at  each  successive  cat 
to  project  more  and  more  beyond  the  side  of  the  carriage.  There 
were  holes  in  the  machine  at  different  heights  for  altering  the  tool 
according  to  the  difierent  heights  at  which  the  coal  has  to  be  cat 

About  the  same  time  a  plan  was  proposed  by  Mr.  C.  H.  Waring,  in 
which  reciprocating  or  revolving  cutters  are  worked  by  compressed 
air  or  steam.  The  reciprocating  cutters  have  somewhat  the  motion  of 
planing  or  slotting  machines,  but  the  rotary  cutters  are  fixed  in  the 
circumference  of  a  wheel  and  act  like  a  circular  saw.  The  machine 
is  arranged  to  cut  either  vertically  or  horizontally.  The  appazatoa 
for  applying  the  power  is  mounted  on  the  frame  of  the  machine,  and 
consists  of  an  oscillating  cylinder  worked  by  compressed  air  or  steam. 

In  1861  a  pick  machine  to  be  worked  by  hand  was  proposed  by 
Messrs.  Bidley  and  Hothery,  the  pick  working  horizontally  and 
vertically,  and  both  motions  being  upon  fixed  axes ;  and  about  the 
same  time  a  hand  noachine  was  proposed  by  Mr.  Donisthorpe,  in 
which  the  tool  was  a  bar  mounted  on  grooved  rollers,  giving  it  a 
rapid  motion  forwards  and  backwards. 
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•  The  above  are  some  of  the  principal  attempts  np  to  that  time  to 
work  coal  by  machinery.  They  may  be  divided  into  reciprocating 
picks,  sliding  or  planing  picks,'  and  rotary  saws  or  cutters ;  none 
of  th^n  however  have  continued  in  practical  use.  The  principal 
practical  difficulty  in  the  application  of  machinery  to  coal  cutting  is 
the  confined  space  it  is  required  to  work  in.  Most  of  the  machines 
above  referred  to  occupy  too  much  space  and  are  generally  too 
complicated  for  application  in  a  coal  mine ;  and  machines  made  to 
be  worked  by  hand,  on  account  of  the  friction  of  the  mechanisn^ 
and  the  cumbrous  arrangement,  absorb  too  much  manual  labour 
to  give  them  much  or  any  advantage  over  the  pick  worked  by 
the  skilled  collier. 

Not  until  the  last  two  or  three  years  has  anything  practically 
useful  been  accomplished  in  the  appHcation  of  machinery  to  coal 
cutting;  and  Messrs.  Donisthorpe  Firth  and  Bidley's  machine 
working  at  the  West  Ardsley  Colliery  near  Leeds  was  the  first 
machine  which  may  be  safely  said  to  have  demonstrated  the 
practicabiHty  of  cutting  coal  by  machinery.  This  was  one  of  the 
class  of  machines  working  with  a  pick,  which  was  driven  by  a 
cylinder  worked  by  compressed  air ;  and  it  was  followed  by  another 
machine,  which  introduced  a  trunk  arrangement  of  the  driving 
cylinder,  so  as  to  shorten  up  the  connecting  rod,  thereby  con-, 
siderably  shortening  the  machine,  and  enabling  it  readily  to  traverse 
the  quick  curves  of  mine  tramroads,  thus  removing  a  serious 
practical  difficulty  previously  experienced.  Both  these  machines 
have  been  successful  in  performing  one  operation  in  coal  cutting, 
namely  ''  hoHng  "  or  undercutting  a  seam  of  coal  horizontally,  and 
on  a  true  plane  or  nearly  so.  But  as  they  were  constructed  only 
to  cut  a  groove  horizontally,  or  rather  parallel  to  the  plane  of 
the  tramway,  they  were  not  adapted  to  meet  the  cases  of  inclined 
seams,  so  frequently  occurring  in  practice ;  and  as  they  were  also 
limited  to  the  horizontal  undercutting,  aU  vertical  cutting  that 
was  required  in  the  operation  of  getting  the  coal  had  to  be  done 
by  hand  work.  These  machines  were  inapplicable  to  driving 
headings ;  and  for  that  purpose  a  modification  of  them  has  been 
made,  having  two  pairs  of  vertical  picks,  one  pair  on  each  side 
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of  the  macliine,  and  each  pair .  oonsisting  of  one  pick  worldng 
npwards  vertically  from  the  bottom  and  the  other  working 
downwards  vertically  from  the  top,  so  as  to  make  the  two  cuts  meet 
one  another.  The  undercutting  however  in  driving  the  headings 
was  still  required  to  be  done  by  the  hand  of  the  collier. 

In  order  that  a  machine  may  be  generally  applicable  to  ooal 
cutting,  it  should  be  capable  of  cutting  in  any  direction,  so  as  to 
work  the  "  dip "  or  the  "  rise  '*  or  out  the  vertical  cuts.  To  do 
this,  and  at  the  same  time  to  retain  a  simple  form  of  machine,  since 
complex  machinery  would  be  very  objectionable  xmdergronnd, 
presented  great  difficulties;  but  these  have  now  been  entirely 
overcome  in  the  coal  cutting  machine  forming  the  subject  of  the 
present  paper,  which  is  the  invention  of  Mr.  James  Gk^fton  Jonee 
of  Blaina.  In  this  machine  the  axis  of  the  pick  is  carried  in  a 
revolving  headstock,  by  which  it  is  capable  of  being  turned  into  any 
desired  position  by  merely  turning  a  handwheel  at  the  end  of  the 
machine,  the  relative  position  of  the  pick  and  the  air  cylinder  which 
works  it  remaining  always  the  same.  By  this  means  the  pick  can 
be  worked  in  any  plane,  either  vertical,  horizontal,  or  at  any 
inclination;  and  it  is  thus  enabled  to  cut  the  coal  vertically  in 
driving  headings,  and  horizontally  in  holing,  or  in  any  inclined 
direction  for  working  the  dip  or  the  rise  when  the  seam  of  coal  does 
not  lie  horizontally.  Headings  may  thus  be  driven  or  any  of  the 
ordinary  operations  in  the  getting  of  ooal  or  other  minerab 
may  be  performed  by  the  machine. 

The  machine  is  shown  in  Figs.  1,  2,  and  8,  Plates  82  to  84; 
Fig.  1  is  a  side  elevation.  Fig.  2  a  longitudinal  seotioD,  and 
Fig.  3  a  plan. 

The  air  cylinder  A,  Figs.  1  and  2,  is  placed  horizontal,  and  ia 
cast  in  one  piece  with  the  bed  of  the  machine ;  and  the  piston  B 
is  forged  solid  upon  the  piston  rod  G.  The  lever  pick  D  is  keyed 
upon  the  transverse  axis  E  carried  in  front  of  the  cylinder  A;  and 
on  the  axis  is  a  crank  arm  F,  to  which  the  piston  rod  C  is  connected 
by  means  of  the  slotted  head  screwed  into  the  end  of  the  rod,  as 
shown  in  Fig.  2.     The  axis  E  is  carried  in  bearings  GG  oast  upon 
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the  roiatang  beadstock  H ;  and  this  headstock  is  capable  of  being 
tamed  round  in  its  bearings  1 19  bj  means  of  the  bandwheel  J  fixed 
on  the  shaft  of  the  pinion  K,  Fig.  1,  which  gears  into  teeth  on  the 
headstock  H.  The  pick  D  can  thus  be  turned  so 'as  to  cut  the  coal 
at  any  inclination  whatever,  the  piston  B  turning  in  the  cylinder 
when  the  beadstock  H  is  rotated ;  and  when  the  pick  is  adjusted 
for  working  at  any  desired  inclination,  the  axis  E  can  be  locked  in 
that  position  by  means  of  a  pin  passing  througb  one  of  the  holes  in 
the  handwbeel  J. 

The  slide  valve  L,  Fig.  2,  by  which  the  compressed  air  is 
admitted  to  the  cylinder  A,  is  worked  in  one  direction  by  the 
piston  B,  wbich  on  completing  its  back  stroke  strikes  against  the 
tappet  rod  M ;  this  rod  works  through  a  stuffing-box  in  the  back 
cover  of  the  cylinder,  and  is  connected  to  the  lever  N,  the  other  end 
of  which  is  connected  to  the  slide  valve  stem.  When  the  tappet 
rod  M  is  struck  by  the  piston,  it  moves  the  valve  L  into  the  position 
for  admitting  the  compressed  air  to  the  back  of  the  piston,  for 
striking  a  blow  by  the  pick.  The  valve  is  retained  in  this  position 
until  the  blow  has  been  struck,  by  means  of  a  spring  catch  O,  which 
is  connected  by  a  rod  to  the  treadle  P.  An  india-rubber  spring  B 
passes  round  the  handle  S  formed  on  the  lever  N,  and  is  attached  by 
means  of  an  adjustable  joint  to  the  platform  T,  on  which  the  man 
working  the  machine  is  carried.  When  the  treadle  P  is  depressed 
by  the  man's  foot,  it  releases  the  catch  O,  and  the  india-rubber 
spring  immediately  moves  the  slide  valve  so  as  to  admit  the 
compressed  air  to  the  front  of  the  piston  for  making  the  back 
stroke ;  and  another  blow  of  the  pick  is  then  given  by  the  piston 
striking  against  the  tappet  rod  M.  As  the  work  progresses  the 
machine  is  moved  forwards  by  the  handwheel  U,  which  communi- 
cates motion  by  the  bevil  wheels  V  to  the  carrying  wheels  W  of  the 
machine. 

Prom  this  description  it  will  be  seen  that,  at  whatever  inclination 
the  coal  may  lie,  the  pick  is  easily  put  to  work  at  that  exact  angle, 
whether  to  the  rise  or  the  dip.  It  may  also  be  easily  put  to  work 
^t  any  part  of  the  thickness  of  the  coal,  whether  it  be  desired  to 
bole  at  the  bottom  or  at  the  top  of  the  measure,  or  at  a  parting  in 


Digitized  by  VjOOQ  IC 


278  GOAL  CDTTmO  MACHINE. 

the  middle  or  any  other  portion  of  the  seam,  by  simply  shifting  the 
pick  D,  Fig.  1,  to  a  greater  or  less  distance  npon  the  axis  E  on 
which  it  is  keyed.  Figs.  6,  7,  and  8,  Plate  86,  illustrate  the 
working  of  the  machine,  showing  the  pick  in  the  position  for 
holing,  and  also  for  making  a  vertical  cnt  either  downwards  or 
npwards,  as  in  driving  headings.  The  position  of  the  man  working 
the  machine  is  also  shown,  kneeling  on  the  small  platform  at  the 
tail  of  the  machine,  with  his  foot  npon  the  treadle  for  releasing  the 
slide  valve,  and  holding  the  handwheel  for  advancing  the  machine 
between  each  stroke  of  the  pick. 

This  machine  when  holing  in  the  coal  cnts  a  groove  3  feet  deep, 
2  inches  wide  at  the  face  and  Ij  inch  at  the  back ;  whereas  a  collier 
requires  for  effecting  the  same  purpose  to  make  a  groove  or  rather 
excavation  10  to  12  inches  wide  or  even  more  at  the  &oe,  and 
tapering  to  the  back.  In  doing  this  the  collier  is  exposed  to  one 
of  the  most  frequent  and  unavoidable  dangers  of  the  coal  mine, 
/by  the  large  lump  of  coal  breaking  off  and  sHding  down  suddenly 
without  warning,  before  he  has  completed  his  task. 

The  machine  is  calculated  to  work  at  the  rate  of  70  to  80  strokes 
per  minute ;  and  the  one  at  work  at  the  High  Boyd  Colliery,  Bamslej, 
under  disadvantageous  circumstances  and  in  the  hardest  coal  in  the 
district,  holes  from  9  to  10  yards  length  per  hour,  8  to  8^  feet  deep, 
including  stoppages.  In  order  to  make  the  machine  thoroughly 
effective,  it  is  necessary  that  it  should  be  on  a  good  rigid  road ;  but 
at  this  colliery  it  is  working  on  the  ordinary  tramplate  road  loosely 
laid.  The  pressure  of  air  at  which  it  is  worked  is  80  to  35  lbs.  per 
square  inch.  In  the  same  seam  of  coal  the  coUier  does  only  4  to  5 
yards  length  of  holing  for  a  day's  work,  in  place  of  the  90  to  100 
yards  done  in  10  hours  by  the  machine,  the  latter  thus  accomplishing 
ftdly  twenty  times  the  work  that  the  collier  can  do  by  hand  in  the 
same  time. 

A  second  machine  has  just  been  put  to  work  at  the  Oaks  ColEeiy 
in  the  same  district,  in  which  an  improvement  has  been  made  by  the 
addition  of  a  steadying  apparatus,  consisting  of  a  toil  piece  which 
carries  a  pair  of  heavy  rollers,  as  shown  in  plan  in  Fig.  4,  Plate  Sb ; 
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these  rollers  rest  npon  the  tram  rails  and  keep  the  machine  steady 
nnder  the  vibration  cansed  by  the  blows  of  the  pick  when  striking 
laterally  in  hoHng.  This  tail  piece  follows  with  the  machine  when 
moving  in  a  straight  line ;  and  it  has  the  effect  of  lengthening  the 
wheel  base  of  the  machine,  and  considerably  reduces  the  lateral 
vibration  on  the  road  caused  by  the  powerfiil  blow  of  the  pick  when 
holing.  It  is  readily  detached  when  required  to  go  round  the  short 
bends  of  the  mine ;  and  also  when  driving  headings  it  is  not 
required,  as  the  pick  is  then  working  vertically.  The  machine  at 
the  Oaks  Colliery  holes  at  the  rate  of  14  to  15  yards  length  per 
hour,  to  a  depth  of  3|  feet,  the  number  of  strokes  averaging  from. 
60  to  70  per  minute,  and  the  pressure  of  air  being  35  to  37  lbs.  per 
square  inch.  The  road  in  this  case  is  a  railroad  thoroughly  well  laid. 
These  machines  are  also  well  adapted  to  work  in  the  ironstone 
shales  and  to  quarry  Bath  stone;  indeed  the  pick  would  work 
in  anything  softer  than  its  own  point. 

The  use  of  compressed  air  for  working  underground  machinery 
is  not  new,  though  it  is  only  recently  and  since  the  introduction  of 
coal  cutting  machinery  that  it  is  being  more  extensively  employed. 
The  first  practical  employment  of  it  in  this  country  was  at  the 
Govan  Colliery  near  Glasgow  in  1849 ;  the  machinery  was  erected 
by  Messrs.  Randolph  Elder  and  Co.,  and  a  description  of  it  was  read 
before  this  Institution  at  the  Glasgow  Meeting  in  1856  (see 
Proceedings  Inst.  M.  E.,  1856,  page  145).  At  the  Haigh  Colliery 
near  Wigan  two  air-compressing  engines  were  also  employed,  the 
air  being  compressed  to  120  lbs.  per  square  inch,  and  carried  down  a 
shaft  234  yards  deep,  and  to  a  distance  of  500  yards  from  the 
bottom  of  the  shaft.  The  engines  worked  by  the  compressed  air  at 
this  coUiery  and  at  the  Govan  Colliery  were  employed  for  winding 
underground. 

A  peculiarity  attendant  upon  compressing  the  air  is  the  heat 
developed  during  compression,  which  increases  rapidly  with  the 
pressure.  Thus  air,  which  at  the  atmospheric  pressure  of  15  lbs.  is 
at  82^  Fahr.,  would  be  raised  to  110°  by  being  compressed  to 
30  lbs.  per  square  inch ;  and  at  120  lbs.  per  square  inch,  the  effective 
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prefisnre  in  the  Haigh  engines,  the  theoretical  temperature  would 
be  about  450°.  A  special  provision  to  meet  this  circamstance 
is  mentioned  hereafter.  An  inconvenience  in  working  these 
compressed-air  engines  was  the  liability  of  the  air  passages  and 
exhaust  pipes  to  become  clogged  with  ice,  in  consequence  of  the 
water  suspended  as  moisture  in  the  air  being  frozen  by  the  cold 
produced  in  the  sudden  expansion  of  the  exhaust  air.  This  is 
avoided  in  the  coal  cutting  machines  by  making  the  slide  valTe 
with  sufficient  inside  lap  to  cause  the  exhaust  air  to  escape  slowly 
at  each  stroke,  thereby  preventing  its  sudden  expansion ;  and  this 
arrangement,  combined  with  the  concussion  caused  by  the  stroke 
of  the  pick,  prevents  the  exhaust  passages  becoming  clogged  with 
ice.  In  an  air  engine  at  Dowlais,  when  thi  air  was  escapmg 
under  a  pressure  of  15  lbs.,  the  temperature  of  the  exhaust  air  waa 
29^  Fahr. ;  and  the  greater  the  pressure,  the  greater  will  be  the 
cold  produced  in  expansion. 

There  is  a  loss  of  power  in  air-compressing  engines,  arising  from 
leakage  and  friction  in  the  sir  pipes,  and  the  mechanical  power  lost 
in  the  form  of  heat  when  the  air  is  compressed.  The  loss  from 
leakage  and  friction  is  very  small,  and  if  the  joints  are  good,  that 
frx>m  leakage  will  be  inappreciable ;  but  the  loss  from  the  escape  of 
heat  is  great.  The  cylinder  in  which  the  air  is  compressed  gets  so 
hot  that  it  is  necessary  to  keep  it  surrounded  with  water,  the 
temperature  increasing  with  the  pressure  to  which  the  air  is 
compressed ;  and  on  the  other  hand  when  the  compressed  air  has 
done  its  work  and  is  allowed  to  escape,  a  degree  of  cold  is  produced 
which  freezes  any  moisture  that  there  may  be  in  the  exhaast 
passages.  By  the  compression  of  the  .air  its  capacity  for  heat 
becomes  diminished ;  consequently  a  portion  of  the  latent  heat 
alreculy  contained  in  it  at  its  natural  pressure  is  developed  in  the 
form  of  sensible  heat,  and  this  is  absorbed  by  the  cylinder  and 
the  surrounding  water.  The  air  itself  does  not  get  sensibly  hotter, 
since  only  its  capacity  for  heat  is  changed  by  the  compressioii, 
while  the  excess  of  heat  developed  by  its  compression  is  rapidly 
absorbed  by  the  surrounding  metallic  sui&oes  which  conduct  it 
away.      When  this  air  has  done  its  work  and  expands  again  to 
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its  original  pressure,  its  original  capacity  for  heat  retnms; 
and  the  quantity  of  heat  then  contained  in  it  not  being  sufficient 
for  maintaining  the  same  temperature  in  its  expanded  form,  it 
consequently  draws  heat  from  the  surrounding  bodies,  thus 
producing  cold.  The  amount  of  heat  thus  absorbed  in  the  act  of 
expansion  is  the  exact  equivalent  of  that  which  is  developed  during 
compression ;  but  the  heat  developed  in  compression  being  lost  by 
conduction,  the  amount  of  power  equivalent  to  it  is  also  lost. 

Fig.  5,  Plate  85,  shows  a  longitudinal  section  of  the  air- 
oompressing  engine,  of  a  size  suitable  for  working  four  to  six  coal 
catting  machines.  It  consists  of  two  cylinders,  one  the  steam 
cylinder  and  the  other  the  air  cylinder,  fixed  horizontally  on  the 
same  bedplate,  the  piston  rod  of  the  steam  cylinder  being  directly 
attached  to  the  piston  rod  of  the  air  cylinder.  The  steam  cylinder  A 
is  16^  inches  diameter  and  3^  feet  stroke.  The  air  cylinder  B  is 
Borrounded  by  water  to  keep  it  cool.  The  compressed  air  passes 
through  the  deUvery  valves  G  0  into  the  pipe  D  leading  to  the  mine. 
The  inlet  valves  are  fixed  on  the  side  of  the  air  cylinder,  and  are 
similar  to  the  delivery  valves.  The  stide  valve  of  the  steam  cylinder 
is  worked  by  a  tappet,  as  there  is  no  crank  or  flywheel  to  the 
engine.  The  speed  of  the  engine  is  regulated  according  to  the 
number  of  the  coal  cutting  machines  at  work :  when  all  six  machines 
are  at  work,  the  speed  of  the  piston  is  from  250  to  800  feet  per 
minute. 

The  effect  produced  upon  the  ventilation  and  temperature  of  the 
mine  by  the  supply  of  air  from  the  discharge  of  the  coal  cutting 
machine  may  now  be  considered.  When  the  machine  is  working 
at  60  blows  of  the  pick  per  minute,  it  will  discharge  24  cubic  feet 
of  air  per  minute  at  a  pressure  of  45  lbs.  per  square  inch,  which  by 
expansion  becomes  72  cubic  feet  of  air  at  the  atmospheric  pressure 
and  at  a  temperature  below  freezing  point.  Taking  the  quantity 
of  air  passing  along  each  face  of  work  in  the  mine  at  an  average  of 
6000  cubic  feet  per  minute  at  a  velocity  of  4  feet  per  second,  the 
quantity  of  air  discharged  by  each  machine  would  be  only  1^  per 
cent,  of  the  whole  amount.    Supposing  the  temperature  in  the  mine, 
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as  at  Monkwearmonth,  to  be  about  80^  Fahr.,  it  would  be  lednoed 
only  1°  when  thoroughlj  mixed,  but  it  would  be  considerably  cooler 
round  the  point  of  issue.  The  ordinary  ventilating  current  has 
frequently  had  to  travel  considerable  distances,  and  has  acquired  a 
great  deal  of  impurity  and  a  high  temperature  before  it  reaches  some 
of  the  &ces  of  work.  But  supposing  three  or  four  machines  to  be 
employed  along  each  face,  the  current  instead  of  becoming  impure 
would  retain  its  purity  and  become  cooler. 

A  collier  when  at  work  breathes  heavily,  and  inhales  aboat 
28  cubic  feet  of  air  per  hour,  and  exhales  about  1  cubic  foot  of 
carbonic  acid  in  the  same  time.  One  coal  cutting  machine  may  be 
said  to  save  the  work  of  20  colliers,  who  would  inhale  600  cubic 
feet  of  air  per  hour ;  while  the  machine  suppHes  4320  cubic  feet  per 
hour  of  cold  and  pure  air  at  the  place  where  it  is  most  required. 

The  firedamp  in  a  mine  having  only  half  the  specific  gravity  of 
air  is  very  apt  to  float  above  the  passing  current  of  air,  instead  of 
mixing  with  it,  especially  where  there  is  any  unevenness  in  the  roof 
forming  cavities  in  which  the  firedamp  can  lie  stagnant.  The  violent 
agitation  however  produced  by  the  discharge  of  air  from  the  coal 
cutting  machine  will  aid  materially  in  the  intermixture  of  the  gas 
with  the  current  of  air,  and  the  discharge  of  air  from  the  machine 
may  be  directed  to  any  particular  point,  as  desired. 

The  advantages  of  cutting  coal  by  this  maohine  may  be  summed 
up  as  follows  : — 

1st.  The  saving  of  a  large  percentage  of  small  coal  in  the 
process  of  holing,  and  a  corresponding  increase  in  the  proportion  of 
large  coal  obtained. 

2nd.     The  economy  in  the  cost  of  getting  the  coal. 

3rd.  The  improvement  in  the  ventilation  and  temperature  at 
the  working  points. 

4th.  The  &cility  with  which  headings  may  be  driven  and 
ventilated,  the  machine  itself  supplying  air  sufficient  for  several  men 
and  at  a  low  temperature.  The  machines  being  well  adapted  for 
driving  headings,  coUieries  may  be  opened  and  won  to  their  outside 
boundaries  in  a  much  shorter  time. 
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Sth.  The  saving  of  life  and  limb  to  the  collier,  by  removing 
him  from  the  most  perilous  portion  of  his  occnpation,  that  of  holing 
or  nndercattisig  the  seam  of  coal. 

6th.  The  power  of  carrying  the  working  into  the  deeper  seams 
of  coal,  which  lie  at  so  high  a  temperature  as  to  present  serious 
difficnhy  in  the  way  of  performing  the  severe  labour  of  cutting  the 
coal  by  hand  work. 


Mr.  F.  Levick  exhibited  a  model  of  the  coal  cutting  machine^ 
illustrating  the  action  of  the  pick  in  cutting  the  coal  at  any 
inclination  by  means  of  the  revolving  axis  carrying  the  tool. 

The  Chairman  remarked  that  the  application  of  machinery  to 
coal  cutting  was  a  subject  of  great  importance,  and  there  could  be 
no  doubt  that  ultimately  coal  cutting  machines  would  greatly  assist 
Tnii.TiTift.1  labour,  by  performing  the  most  difficult  and  dangerous 
work  of  undercutting  the  coal.  In  the  machine  described  in  the 
paper  just  read,  the  principal  feature  appeared  to  be  the  arrange- 
ment by  which  the  tool  was  turned  round  to  work  at  any  inclination, 
thus  affording  the  means  of  cutting  the  coal  at  any  angle.  The 
machine  was  otherwise  similar  to  that  of  Messrs.  Donisthorpe  Firth 
and  Ridley,  which  was  now  working  at  the  West  Ardsley  Colliery 
near  Leeds,  and  he  believed  that  was  the  first  instance  in  which 
machinery  had  been  successfully  brought  into  practical  operation 
for  coal  cutting  by  the  use  of  compressed  air  actuating  a  pick ;  the 
machine  was  capable  of  being  worked  in  any  part  of  the  mine  by 
compressed  air  supplied  to  it  &om  an  engine  at  the  sur&ce. 

Mr.  W.  Mathews  had  not  had  an  opportunity  of  seeing  coal 
cutting  performed  by  machinery,  but  was  satisfied  that  if  the 
application  of  machinery  to  that  purpose  could  be  practically 
accomplished  it  would  prove  a  most  important  benefit  in  coal 
mining.  The  recent  struggle  with  the  colliers  in  South  Stafford- 
shire was  a  sufficient  proof  of  the  necessity  of  adopting  machines 
for  cutting  coal  in  place  of  manual  labour. 

R  2 
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Mr.  Sampson  Lumy  enqaiied  wliai  ei^ot  A»  gi^Birt  Tarielgp  in 
t%i»  tidckness  of  the  aeamfl  of  ooal  i&  diffflvent  dbtmlB  wovld  &iif» 
upon  the  applicability  of  the  machiiie  now  deseribed ;  a&d  iHwAer, 
if  sacoessfony  emplojed  in  one  dastrieb  witii  a  oertoiiL  ihidnwuw  of 
seams,  the  same  machine  eoaid  bo  made  equafiy  i^licaUe  in 
another  where  the  seams  wero  of  a  Tory  diflfereni  thiolniflss. 

Mr.  G.  GocHBABE  thought  one  of  the  difficnltiea  attendant  upon 
different  thickness  of  seam  would  be  felt  in  applying  the  coal 
cutting  machine  in  South  Staffordshire,  owing  to  the  different 
method  employed  in  cutting  the  Thick  coal.  In  undergoing  tbe 
Thick  coal  the  practice  was  to  cut  away  a  thickness  of  2|  feet^  and 
this  was  all  sacrificed  as  slack,  and  had  to  be  ezcayated  in  order  to 
allow  the  collier  to  go  in  under  the  coal  for  performing  tiie  holing, 
which  was  carried  to  a  depth  of  10  or  even  20  yucrds  in  from  iha 
&ce.  The  machine  in  undercutting  the  coal  to  a  distance  of  3  feet 
in  from  the  face  excavated  a  groove  only  a  few  inches  thide,  whidi 
he  thought  would  be  found  quite  inadequate  in  the  Thick  coal  to 
allow  of  breaking  the  coal  down  afterwards.  If  the  present  flyBteni 
of  working  were  carried  out,  the  machine  woold  be  reipzred  to  be 
arranged  so  as  to  excavate  a  thickness  of  2^  fbet,  and  afterwards  go 
into  the  excavation  so  made  and  undercut  the  coal  still  further  from 
the  &ce ;  and  he  thought  there  would  be  some  difficulty  in  naingtiie 
machine  in  that  way.  Before  adopting  the  machine,  infonnatioo 
was  needed  respecting  its  durability,  as  to  whether  that  had  been 
ftdly  tested  by  actual  working ;  and  also  in  reflarence  to  the  total 
outlay  for  plant  in  cutting  coal  by  a  machine  of  the  sise  diown  in 
the  drawings. 

Mr.  F.  Levick  explained  that  the  machine  excavated  only  2  or 
3  inches  thickness  of  coal  in  undercutting  the  coal  to  a  distanoe  of 
3  feet  in ;  and  the  coal  so  undercut  could  then  be  benched  down  £ar 
a  hei^t  of  2f  feet,  if  desired ;  after  which  the  machine  could  go 
under  and  proceed  with  the  holing  3  fbet  f\arther  in,  and  so  on  to 
any  extent  of  undergoing  that  might  be  desired,  since  the  madmie 
was  made  low  enough  to  enter  into  any  space  2^  feet  hi^  and 
could  thus  go  under  the  coal  wherever  a  collier  could  work  in  the 
ordinary  system  of  holing.     The  great  advantage  however  of  the 
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iBBiihine  over  ihe  oolHer  waB  that^  wbiie  the  whole  ihiokiieM  of 
2\  ieefc  was  eonyerted  into  slack  by  ihe  ooUier,  in  c»rdor  to  cot  an 
azoavation  large  enough  to  admit  him  to  go  nnder,  the  machine 
oonverted  only  2  or  B  inches  thickness  into  slack,  and  the  remainder 
of  the  2^  &et  thickness  was  obtained  in  the  form  of  good  serviceable 
ooaL  The  machine  shown  in  the  drawings  was  low  enongh  to  work 
in  a  height  of  only  2^  £oet ;  bat  it  could  be  made  considerably  lower 
fay  fiitninishing  the  size  of  the  carrying  wheels  and  otherwise 
modifying  the  constmction*  In  nnderenttiag  the  ooal,  the  axis  of 
the  ^idk  was  turned  bo  as  to  bring  the  pick  into  its  lowest  positioni 
enabhng  the  pick  to  excavate  the  <$oal  aa  low  down  as  on  a  level 
witib  the  rails. 

Mr.  W.  Hadsh  did  not  see  what  need  there  was  to  nndergo  the 
cx>al  to  a  greater  depth  than  3  feet  from  the  face  before  benching  it 
down.  It  was  trae  that  was  not  in  accordance  with  the  very 
aatiqnated  mode  of  working  the  Thick  coal  which  was  still  adhered 
to  in  the  Sooth  Staffordshire  district ;  bnt  he  did  not  think  there  was 
MOj  real  necossiiy  for  working  the  Thick  coal  in  a  different  TnanTier 
fiom  that  adopted  in  thia  seams,  as  regarded  the  mode  of  holiog, 
and  the  machine  might  just  as  well  be  employed  in  the  Thick  coal 
for  nndercntting  to  a  depth  of  8  feet,  after  which  the  coal  so 
nnderont  oonld  be  benched  down  to  any  height  that  was  desired.  He 
enqnired  whether  the  macJhine  oonld  cut  vertically,  so  as  to  cut 
down  the  aides  of  a  block  of  coal  after  nndercntting  It,  which 
wonld  then  allow  of  benching  the  coal  down  easily  in  the  case 
of  driving  a  heading. 

Mr.  G.  Cochra:nb  thought  the  machine  was  best  a^^licable  for 
undercutting  thin  seams  of  coal,  where  the  creeping  of  the  roof 
had  the  effect  of  breaking  down  the  coal  as  the  work  proceeded. 
In  applying  this  machine  however  to  the  lower  portion  of  the  Thick 
coal  there  woxild  be  no  such  ere^,  the  thickness  of  coal  above 
being  so  great  as  to  prevent  any  practical  deflection ;  and  thns  the 
difficulty  wonld  arise  as  to  how  the  coal  so  nndercnt  could  be 
broken  down;  and  furthermore  how,  if  that  were  effected,  the 
large  masses  of  coal  oonld  be  convenienidy  broken  up  into  pieces 
sufficiently  small  for  a  man  to  lift.    One  advantage  of  the  deep 
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excavation  made  by  a  collier  in  lioHng  the  Thick  coal,  notwith- 
standing  the  quantity  of  slack  prodnced,  was  that  the  act  of  dropping 
the  seam  above  broke  the  coal  up  into  masses  which  did  not  require 
mnch  farther  tronble  to  make  them  small  enough  to  be  handled  in 
the  nsnal  way. 

Mr.  F.  Levick  explained  that,  by  taming  the  pick  roond  so  as  to 
work  verticaily>  the  machine  would  cat  the  coal  vertically  in  the 
same  manner  as  it  performed  the  holing.  It  was  not  intended 
however  for  breaking  ap  the  large  masses  of  coal  after  they  were 
benched  down,  and  that  operation  as  well  as  loading  the  coal  into 
the  trams  would  have  to  be  done  by  hand  labour,  as  at  present. 

Mr.  F.  Smith  observed  that  it  appeared  from  the  explanations 
which  had  been  given  that  the  machine  was  as  applicable  as  mannal 
labour  to  the  purpose  of  undercutting  the  coal,  to  the  extent  of  even 
2^  feet  thickness,  by  excavating  two  horizontal  cuts  at  top  and 
bottom  of  that  thickness,  and  then  benching  down  the  coal  between ; 
und  the  difference  between  the  two  modes  of  holing  was  the 
important  practical  advantage  obtained  with  the  machine  in  getting 
nearly  all  that  thickness  of  coal  in  the  useful  form  of  lump  coal, 
instead  of  its  being  aU  converted  into  slack  as  was  done  by  tbe 
coUier. 

Mr.  W.  Mathews  enquired  what  was  the  thickness  of  the  seams 
of  coal  at  the  collieries  where  the  machine  had  been  adopted,  and 
what  was  the  character  of  the  coal  cut,  and  the  lay  of  the  seams. 
In  working  seams  of  coal  up  to  4  feet  thick,  if  the  holing  were 
carried  in  to  a  distance  of  8  feet  from  the  &ce  by  the  machine,  that 
would  no  doubt  allow  of  benching  down  the  remaining  thickness  of 
the  seam :  but  with  the  South  Staffordshire  Thick  coal  of  80  feet 
thickness  he  thought  a  holing  extending  only  8  feet  in  under  the 
coal  would  not  be  &r  enough  to  allow  of  bringing  down  the  greater 
thickness  that  was  usually  benched  down  at  a  time,  and  it  wonld  be 
necessary  for  the  undergoing  to  be  carried  further  in.  Moreover 
there  was  a  great  difference  between  hard  and  soft  coal,  as  to  the 
success  with  which  it  could  be  worked  by  a  machine:  for  he 
understood  that  the  trials  made  by  Mr.  Nicholas  Wood  with  a  coal 
cutting  machine  at  his  collieries  in  Durham  had  proved  successfol 
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with  the  soft  coal,  bnt  not  with  the  hard  coal,  as  the  machine 
worked  so  much  slower  in  the  hard  coal.  The  lay  of  the  seams 
also,  instead  of  heing  always  horizontal,  was  frequently  at  an 
inclination,  the  slope  of  which  was  varied  by  wares  in  the  seams ; 
and  in  many  localities  the  conrse  of  the  seams  was  intermpted  by 
&iiltB.  In  working  snch  seams  by  mamial  labonr  the  collier  conld 
employ  his  pick  in  snch  a  manner  as  to  meet  the  requirements  of 
any  case  that  might  arise ;  bnt  a  machine  was  not  so  readily  adapted 
to  all  yarieties  of  circnmstances. 

The  Chairman  said  the  seams  of  coal  worked  by  the  machine 
at  the  West  Ardsley  Colliery  were  about  5  feet,  3  feet,  and  2  feet 
9  inches  thick,  and  the  machine  was  equally  applicable  for  cutting 
the  coal  in  aU  of  them.  The  machine  used  in  that  case  was  smaller 
than  the  one  shown  in  the  drawing,  and  could  cut  the  coal  only 
horizontally  or  vertically,  but  not  at  an  inclination.  The  earlier 
machines  had  been  rather  too  small,  but  they  might  be  made  of 
any  size  that  was  most  suitable  for  the  mine  in  which  they  were 
to  work. 

Mr.  F.  Lbyice  explained  that,  whatever  might  be  the  inclination 
at  which  a  seam  of  coal  lay,  it  could  be  cut  with  equal  facility  by 
the  machine,  since  the  pick  worked  either  horizontally  or  vertically 
or  at  any  incUnation  between  those  extremes,  with  equal  readiness 
in  all  positions.  In  the  case  of  a  colliery  in  Glamorganshire,  where 
the  dip  of  the  coal  was  at  an  inclination  of  45^,  it  had  been 
decided,  instead  of  sinking  a  vertical  shaft  in  the  ordinary  maimer, 
to  sink  an  inclined  shaft  at  45^  following  the  dip  of  the  coal,  by 
means  of  some  of  these  coal  cutting  machines  which  had  been 
ordered  for  the  purpose.  As  regarded  the  application  of  the 
machine  to  the  Thick  coal  of  South  Staffordshire,  be  remembered 
that  the  plan  in  use  many  years  ago  for  working  the  coal  had  been 
to  work  it  in  successive  stages,  commencing  from  the  bottom  and 
working  upwards;  and  in  places  where  the  Thick  coal  was  so 
worked,  the  machine  would  answer  the  purpose  of  undercutting  in 
the  bottom  stage.  In  reference  to  the  practical  working  of  the 
machines,  one  of  them  had  now  been  at  work  at  the  High  Boyd 
Colliery  near  Bamsley  for  the  last  three  months,  which  was  of  the 
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nae  shown  in  Qie  dzawings,  and  he  understood  bad  proted 
thoroQ^ilj  flncoesBfnl. 

Mr.  S.  BiXLBT  had  seen  the  coal  cutting  machine  at  woik  both 
at  the  West  Ardslef  COIH017  and  at  the  Hetton  Colliery,  at  boOi  of 
which  collieries  the  machine  was  the  same  as  tiiat  described  in  the 
paper,  excepting  that  the  latter  had  the  important  improTemesEi  of 
the  revolving  aads,  enabling  the  pick  to  be  woxked  at  anyinrliniilMm 
so  as  to  oat  the  coal  either  in  seams  lying  level  or  inclined.  He  had 
been  mnch  pleased  with  the  working  oi  the  raachinfls  at  both  ^aoes, 
and  had  noted  the  particulars  of  two  pieces  of  work  tint  be  had 
seen  done  by  the  machine  at  the  Hetton  Colliery,  nndercntting  the 
coal  in  the  High  Main  seam,  which  was  a  yery  hard  qnaliiy.  The 
holing  was  performed  at  three  separate  cuts,  with  a  diffeicnt  tool 
each  time ;  and  in  the  first  piece  of  work  a  length  of  6  feet 
along  the  &ce  of  the  coal  was  nndercut  by  the  machine  to  a  depth. 
of  2|  feet  in  from  the  &6e  in  18|  minntes,  tiie  paxticDlais  of  eaeli 
cat  being  as  follows : — 

Ist  oat     ...     19  inohee  deep  .    in   9  minntee. 

2nd  „  .  .  .  6  „  „  .  .  in  4^  „ 
8rd  M       •      .      .       6      M        „         .      .    in    6         „ 

Total  depth  of  oat .     BOinoheedeep      .      •    in  IS^  nunntee. 
In  the  second  piece  of  work  a  length  of  8  feet  along  the  Cmo  was 
nndercat  to  a  depth  of  3  feet  in  from  the  fiMse  in  11|  miaiites,  as 
follows  :^- 

let  cat    .  .19  inciieB  deep  .    in  4  minntoe. 

2nd  „  .  .  .  12  „  „  .  .  in  6  „ 
8rd  «...  6  „  „  .  •  in  2|  „ 
Total  depth  of  cat .     86  mohea  deep  .    in  11|  mmwirug- 

The  time  noted  inclnded  the  time  of  exchanging  the  pteks  between 
each  cat,  and  moving  the  machine  back  again  to  the  starting  point 
for  each  separate  cat.  From  these  specimens  of  its  performanee  ho 
was  very  well  satisfied  with  the  working  of  the  machine,  and  was 
confident  that  its  adoption  in  any  district  wonld  be  attoided  with 
veoy  considerable  advantage  in  coal  mining. 

Mr.  T.  Lbviok  had  seen  one  of  the  new  machines  started  to  watk 
only  two  days  previonsly  at  the  Oaks  ColHesy  near  Bamsley,  in  a 
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i  of  cod  aboat  ^  feet  thick,  where  it  was  worUng  akmg  a  road 
laid  in  the  direotaon  of  the  dip  of  the  coal»  That  was  the  first  time 
that  one  of  the  machiiiea  had  been  applied  upon  an  inclined  road^ 
and  there  was  rather  a  difficnltf  in  keeping  the  machine  back  in 
w(»rking ;  it  had  a  tendency  to  nm  forwairde  down  the  iadme  of  the 
road,  whioli  somewhat  interfered  with  the  pick  dearing  itself  readily 
from  the  ooal  aftec  it  had  stmck  the  blow,  and  the  pick  was  apt  to 
jam  its^in  the  groore  it  had  cat.  NotwithstandLog  this  drawback 
however  the  machine  an  that  oocasiaa  undercut  a  length  of  14  feet 
in  7  minutes  at  tbe  first  cat,  to  a  dqpth  of  15  inches  in  from  the 
h».  The  machine  at  the  High  Boyd  GoUieiy  near  Bamsley  had 
now  been  at  work  for  some  months,  and  it  was  cakolated  that  it  did 
the  work  of  rather  more  than  twenty  colliers;  tiie  coal  it  was 
working  in  was  8^  feet  thick  at  that  colliery. 

Mr.  F.  Smtfh  enquired  whether  the  coal  was  benched  down  after 
pasaiiig  tbe  machine  once  along  the  &ce  and  undercutting  once  with 
the  pick. 

Mr.  T.  Lbtiok:  replied  -that  the  machine  was  passed  twice  or 
three  times  along  the  work,  until  the  coal  was  undercat  to  the  depth 
of  3  feet  in.  After  making  the  first  cut  the  machine  was  tak^x 
hack  to  the  place  from  which  it  started,  and  the  first  tool  was 
removed  and  replaced  by  a  "hnger  pick  raider  thinner  at  the  point ; 
this  did  not  cut  the  groove  any  wider  than  the  2  inches  excavated 
by  the  first  cut,  bat  only  de^>ened  it.  After  the  undercutting  had 
been  carried  to  the  depth  of  3  feet  along  the  whole  length  of  the  cut^ 
the  coal  was  benched  down. 

Mr.  J.  £.  SwiKDBLL  asked  whether  in  a  seam  as  thick  as  5  feet 
the  coal  could  be  bodied  down  wi^  only  so  small  a  thickness  as 
2  inches  cut  out  at  the  botttom  by  the  machine. 

Mr.  T.  LsviCK  repfied  that  an  instance  of  that  sort  had  occurred 
at  the  High  Boyd  Colliery,  where  the  coal  could  not  be  benched 
down  with  only  2  inches  thickness  excavated  in  undercutting. 

Mr.  J.  G.  JoNSS  said  that  in  such  a  case  it  was  intended  to  put 
on  a  cleaver  or  axe  instead  of  the  pick,  and  fix  it  for  working  on  the 
apper  end  o€  the  axis  of  the  machine,  cutting  downwards  in  an 
ind&ied  direetion  towards  the  first  holing,  so  as  to  cot  out  a  wedge- 
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shaped  block  of  coal ;  for  it  was  found  that  in  benching  down  bo 
mnch  as  5  feet  thickness  of  coal  at  once»  the  ezcaTation  of  onlj 
2  inches  width  made  by  the  pick  of  the  machine  was  not  enough  to 
allow  so  thick  a  block  of  coal  to  break  off,  or  if  it  did  break  off  it 
lodged  and  could  not  be  readily  got  out.  By  cutting  out  a  wedge 
of  coal  however  with  the  cleaver,  the  holing  was  made  as  wide  at 
the  £ace  as  was  done  by  the  collier,  with  the  important  adyantage 
that  the  piece  of  coal  so  cut  out  by  the  machine  was  obtained  as 
good  serviceable  lump  coal,  instead  of  being  all  broken  up  into  alack 
in  the  process  of  holing  by  manual  labour. 

Mr.  J.  Febnxe  enquired  how  the  forward  movement  was  givea  to 
the  machine,  for  advancing  it  as  the  work  progressed. 

Mr.  T.  Levick  explained  that  the  forward  motion  was  given  by 
the  handwheel  on  the  top  of  the  machine,  geared  to  the  carryiiig 
wheels,  by  means  of  which  the  machine  was  advanced  by  hand  the 
required  distance  after  each  stroke  of  the  pick.  Before  advandng 
the  machine  however  after  each  stroke,  it  was  first  drawn  back 
slightly  by  the  handwheel,  so  as  to  ease  the  pick  out  of  the  cut,  and 
allow  of  the  return  stroke  being  made  readily;  the  action  thus 
produced  was  similar  to  that  of  a  collier  working  a  pick  by  hand. 

Mr.  J.  E.  Swindell  asked  in  what  manner  the  machine  would  be 
put  to  work  for  driving  a  heading  of  3^  feet  square,  in  front  of  the 
machine  itself. 

Mr.  T.  Levick  said  for  such  a  purpose  the  pick  was  started 
cutting  vertically  downwards,  being  fixed  first  on  one  end  of  the 
axis  and  afterwards  on  the  other,  so  as  to  cut  a  vertical  groove  on 
each  side  of  the  heading.  The  axis  of  the  pick  was  next  rotated, 
so  as  to  make  the  pick  cut  horizontally,  and  the  machine  was  drawn 
back  to  the  Aill  length  of  the  pick,  which  then  cut  a  horusontal 
groove  at  bottom  and  top  of  the  heading,  so  that  the  cubical  Uock 
of  coal  was  cut  on  all  four  sides,  and  held  only  at  the  back,  and  was 
readily  broken  off  and  removed. 

Mr.  Gh.  Addenbbgoke  had  seen  the  machine  at  work  at  the  West 
Ardsley  Colliery  more  than  a  year  and  a  half  ago,  and  it  appeared 
to  be  doing  its  work  admirably,  irrespective  qf  the  question  of 
cost  of  working.    The  seam  of  coal  in  which  it  was  then  working 
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was  3|  feet  total  tliickness,  having  a  parting  in  it  less  than  1  foot  thick 
in  which  the  machine  was  performing  the  holing  for  getting  the 
upper  half  of  the  seam  of  coal  first.  He  enquired  what  was  the 
cost  of  the  coal  catting  machine  and  the  air  engine  for  working  it. 

Mr.  F.  Leyick  replied  that  the  heaviest  part  of  the  expense 
was  the  air-compressing  engine,  which  however  was  of  simple 
constraction,  as  seen  from  the  drawing  ;  and  the  cost  of  an  engine 
of  the  size  there  shown,  with  steam  cylinder  16  inches  diameter  and 
3|  feet  stroke,  was  not  more  than  £250.  The  size  of  steam  cylinder 
however  wonld  of  course  depend  upon  the  pressure  of  steam 
intended  to  be  employed.  The  cost  of  the  coal  cutting  machine 
was  about  £60  or  £70,  exclusive  of  royalty. 

Mr.  G.  Addenbeooke  enquired  whether  there  was  not  rather  a 
heavy  expense  in  conducting  the  compressed  air  from  the  engine  to 
the  machine.  At  the  place  where  he  had  seen  the  machine  at  work 
in  the  West  Ardsley  Colliery  there  was  about  40  feet  length  of 
vulcanised  india-rubber  tubing  at  the  machine,  as  the  air  tube  was 
required  to  be  flexible  at  its  extremity,  to  allow  the  machine  to  move 
backwards  and  forwards  ;  and  he  had  noticed  that  there  was  a  great 
deal  of  leakage,  consequent  on  its  working  backwards  and  forwards 
over  the  rough  floor  of  the  mine. 

Mr.  T.  Leyick  thought  the  leakage  of  air  would  be  small,  if  the 
pipes  and  joints  were  properly  constructed  in  the  first  instance. 
The  size  of  the  pipes  necessary  to  convey  the  air  to  the  machine 
was  so  small  that  the  expense  on  that  score  would  not  be 
considerable.  At  the  Oaks  Colliery,  where  it  was  intended  to  use 
the  machines  on  an  extensive  scale,  the  pipes  had  been  made  larger 
than  would  otherwise  have  been  necessary ;  they  were  5  inch  cast 
iron  pipes  itom.  the  air-compressing  engine  to  within  400  yards  of 
the  machine,  then  2^  inch  cast  iron  pipes  nearly  to  where  the 
machine  was  working,  and  thence  1^  inch  gas  piping  with  an 
india-rubber  hose  at  the  end ;  so  that  practically  a  1 J  inch  pipe  was 
amply  sufficient  for  working  one  machine  well.  At  the  High  Boyd 
Colliery  much  smaller  pipes  were  used,  the  pipe  from  the  engine 
being  only  1^  inch  diameter;  and  a  2  inch  gas  pipe  would  be 
large  enough  for  supplying  two  or  three  machines  with  air. 

s  2 
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Mr.  F.  Smith  enqnired  whether  the  air-compressing  engine  conld 
be  worked  by  the  winding  engine  of  the  pit,  instead  of  having  an 
independent  steam  cylinder  for  the  pnrpose.  He  asked  also  whether 
in  undergoing  the  coal  the  point  of  the  pick  cleared  its  own  course, 
in  nndercntting  by  the  machine :  a  collier  in  holing  gave  two 
motions  with  the  pick,  the  first  being  the  actual  striking  of  the 
blow,  and  the  second  a  sort  of  drawing  motion,  drawing  out  the 
small  coal  from  the  cut. 

Mr.  J.  G.  Jones  replied  that  it  was  objectionable  to  attach  the 
air-compressing  cylinder  to  the  winding  engine,  because  the 
interruptions  in  the  regular  working  of  the  engine  would  interfere 
too  much  with  the  regular  working  of  the  coal  cutting  machine ; 
but  it  might  be  attached  to  the  pumping  engine,  if  it  were  desired 
to  avoid  having  an  additional  steam  cylinder.  The  required 
movement  for  enabling  the  point  of  the  pick  to  clear  itself  after 
each  blow  was  given  by  the  man  working  the  machine,  who 
brought  the  nmchine  back  a  little  after  each  stroke  by  means 
of  the  handwheel,  so  as  to  free  the  pick  out  of  the  groove ;  and 
the  pick  brought  a  small  quantity  of  small  coal  out  with  it  at  each 
stroke. 

The  Chaieman  remarked  that  at  the  West  Ardsley  Colliery  the 
exhaust  air  from  the  coal  cutting  machine  was  blown  into  the  cnt, 
which  effectually  blew  out  all  the  small  coal  and  dust  and  kept  the 
groove  clean  for  the  pick  to  work  in.  At  first  the  air  was  blown  in 
alone,  and  the  coal  at  that  colliery  being  of  a  dry  quality,  the  effect 
was  to  smother  the  men  with  dust ;  and  then  a  little  water  was 
blown  in  with  the  air,  which  completely  laid  the  dust,  while  clearing 
out  the  dirt. 

Mr.  J.  G.  Jones  had  not  found  it  necessary  to  blow  in  water  with 
the  air  at  other  collieries  where  the  machine  was  employed;  bnt 
some  coal  was  much  more  dusty  than  others,  and  in  that  case  a 
little  water  should  be  used  with  the  air  for  blowing  out  the  cut. 

Mr.  J.  E.  Swindell  enquired  whether  the  saving  effected  in 
cutting  the  coal  by  the  machine  as  compared  with  manual  labour 
had  been  ascertained  from  the  working  of  the  machines  at  the 
collieries  where  they  were  in  use. 
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Mr.  F.  Lbvick  was  not  aware  what  was  the  amoimt  of  the  saving 
effected  by  employing  the  coal  cutting  machines ;  bnt  that  there  was 
a  considerable  saving  was  shown  by  the  fact  that  at  the  collieries 
where  they  were  already  adopted  it  was  intended  to  use  them  still 
more  extensively  in  place  of  manual  labour.  Alretidy  one  machine 
did  the  work  of  20  or  30  colliers  in  holing,  and  he  expected  it  would 
ultimately  be  made  to  accomplish  even  more. 

Mr.  G.  Addenbrooke  remarked  that,  even  if  the  machine  had 
cost  more  than  manual  labour,  it  would  have  been  of  the  greatest 
advantage  in  the  South  Staffordshire  district  to  have  a  number  of  the 
machines  ready  to  be  put  to  work  during  the  recent  colliers'  strike. 

Mr.  J.  M.  Hetherington  said  a  rough  estimate  of  the  saving 
effected  by  the  machine  might  be  obtained  by  comparing  the  wages 
paid  to  colliers  and  the  cost  of  the  machine.  In  Lancashire  the 
average  wages  of  a  collier  were  30^.  per  week,  amounting  to  about 
£75  per  year;  and  the  cost  of  four  machines,  complete  with 
air-compressing  engine  and  pipes  to  the  machines,  might  safely  be 
estimated  at  an  outlay  of  not  more  than  £1000.  Thus  7^  per  cent, 
interest  on  the  outlay  would  be  realised  upon  the  labour  of  every 
collier  saved  by  the  machines ;  and  as  one  machine  was  found  to 
perform  the  work  of  20  men  in  holing,  it  was  clear  that  a 
considerable  number  of  men  might  be  dispensed  with  by  the 
adoption  of  the  machine,  with  a  large  saving  in  the  cost  of  getting 
the  coal. 

Mr.  Isaiah  Hill  thought  the  question  was  only  one  of  cost,  as  to 
the  adoption  of  the  coal  cutting  machine,  since  there  appeared  to 
him  no  doubt  about  its  advantages  over  manual  labour,  and  it  had 
only  to  be  considered  what  would  be  the  expense  of  putting  the 
machine  to  work  and  keeping  it  in  good  order.  It  would  be 
particularly  serviceable  in  mines  worked  on  the  long  wall  system ; 
and  where  the  pits  had  straight  roads  the  expense  of  working  the 
machine  he  thought  need  not  be  much ;  but  in  pits  worked  with  gob 
roads  for  bringing  out  the  coal  through  the  goaf,  as  was  commonly 
the  case  in  long  wall  workings,  there  would  probably  be  a  good  deal 
of  expense  involved  in  constantly  taking  up  the  air  pipes  as  each 
gob  road  in  succession  was  abandoned,  and  relaying  them  in  the 
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new  roads  as  the  working  &ces  advanced.  Notwithstanding  this 
additional  trouble  however  he  thonght  the  machine  might  be 
advantageously  brought  into  use  in  such  cases.  It  would  also  be 
especially  applicable  wherever  there  was  the  good  fortune  of  meetmg 
with  a  considerable  extent  of  a  level  coal  seam  not  interrapied  by 
faults,  in  which  case  it  might  be  put  to  work  with  great  advantage 
to  undercut  along  a  great  length  of  face,  where  otherwise  as  many 
as  20  men  in  a  row  might  have  to  be  employed  for  holing  the  coaL 
There  would  probably  be  much  difficulty  in  using  the  machine  in 
places  where  there  were  many  faults,  from  the  trouble  of  constantly 
shifting  the  machine  to  work  in  different  positions,  and  the  difficulty 
of  obtaining  a  sufficient  length  of  working  face  to  render  the 
employment  of  the  machine  remunerative. 

Not  only  would  the  machine  effect  a  great  saving  in  undergoing 
the  coal,  by  obtaining  good  solid  coal  where  the  collier  made  small 
slack,  but  this  saving  would  be  particularly  important  in  the  case  of 
thin  coal  seams,  say  only  3  feet  thick  or  less,  in  which  at  present  the 
collier  cut  away  about  18  inches  thickness  at  the  face  and  converted 
it  into  slack.  And  with  regard  to  undergoing  in  the  Thick  coal  of 
South  Staffordshire,  of  which  he  had  had  experience  in  the  workings 
under  his  charge  at  the  Chillington  Collieries  near  Wolverhampton, 
as  the  chief  amount  of  labour  was  in  the  undergoing,  he  did  not  see 
why  the  machine  should  not  be  made  serviceable  for  the  purpose,  by 
adding  a  longer  pick  if  it  were  desired  to  carry  the  holing  further  in 
from  the  fece  before  benching  down  the  coal.  The  thickness  of 
2  inches  excavated  by  the  machine  appeared  to  him  to  be  in  genenJ 
quite  sufficient  for  getting  the  coal  down,  as  it  must  be  a  very  bard 
coal  indeed  that  would  not  break  off  with  2  inches  of  undercutting 
at  the  face  carried  to  a  depth  of  3  feet  in.  No  doubt  the  mass  of 
coal  benched  down  with  only  2  inches  thickness  of  hohng,  wonld 
"  lie  in  the  dirt ''  as  it  was  called)  that  is,  would  remain  ahnosi  in 
the  same  place  after  being  broken  down,  instead  of  falling  forwards 
from  the  seam ;  but  it  would  be  none  the  less  completely  broken 
down  and  loosened  from  the  seam,  and  could  be  broken  up  and  got 
out  by  the  colliers  in  the  usual  manner.  In  working  very  hard  coal, 
it  was  frequently  necessary  to  blast  it  with  powder,  and  when  that 
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was  the  case  he  suggested  that  the  machine  might  be  made  use  of  for 
drilling  the  holes  for  the  charges.  The  machine  wonld  also  be  very 
usefdl  he  thought  for  many  other  parts  of  the  work  done  in  a  pit, 
particnlarlj  for  driving  small  headings  or  gateroads;  and  as  the 
quantity  of  small  coal  made  by  the  machine  was  so  mnch  less  than 
m  hand  laboor,  he  thought  this  might  all  be  used  np  in  the 
puddling  ^imaces. 

Mr.  T.  Lbtice  explained  that  in  working  a  very  hard  coal,  which 
would  not  break  off  with  only  2  inches  thickness  of  holing,  the  coal 
was  got  down  by  putting  a  cleaver  or  axe  on  the  machine,  as  had 
been  mentioned,  afber  first  undercutting  with  the  pick;  by  that 
means  a  wedge-shaped  piece  of  coal  was  cut  out  to  the  height  of 
Ij  or  2^  feet,  which  had  the  same  effect  as  undergoing  the  coal  to  the 
same  height  by  hand  labour,  and  saved  the  coal  instead  of  reducing 
it  to  slack.  This  had  been  done  at  the  High  Royd  Colliery  for 
benching  down  the  coal  in  the  8^  feet  seam,  and  the  original  2  inch 
groove  cut  by  the  machine  was  afterwards  widened  by  the  cleaver 
to  18  inches  at  the  face  of  the  coal. 

Mr.  F.  Smith  did  not  see  why  the  length  of  the  pick  should  be 
limited  to  3  feet,  and  he  enquired  whether  a  greater  length  of 
pick  had  been  tried  with  the  machine,  for  undergoing  the  coal  to  a 
greater  distance  in  from  the  face.  He  asked  also  how  many  men 
were  required  for  working  the  machine,  and  in  what  spirit  it  had 
been  received  by  the  colliers  at  the  pits  where  it  was  already  at 
work. 

Mr.  T.  Levick  replied  that  in  working  the  machine  with  a  long 
pick,  as  the  wheels  were  kept  close  together  under  the  body  of  the 
machine,  it  had  a  great  tendency  to  jump  off  the  rails  at  each  stroke 
of  the  pick  in  holing ;  but  this  had  now  been  effectually  obviated  by 
the  addition  of  the  steadying  tail-piece  attached  behind  the  machine, 
which  produced  a  great  improvement  in  the  steady  working  of  the 
machine,  preventing  vibration  in  holing,  and  allowing  of  keeping 
the  carrying  wheels  close  together  under  the  machine.  The  greatest 
length  of  pick  yet  worked  by  the  machine  was  4^  feet,  but  3  feet 
was  the  longest  ordinarily  used.  The  machine  required  only  one 
man  or  a  boy  to  work  it. 
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The  Chairman  said  be  had  imderstood  the  men  working  at  the 
collieries  where  the  machine  was  used  liked  it  becanse  it  brought 
them  a  constant  and  Terj  abnndant  snppl j  of  fresh  cool  air  into  the 
workings.  It  wonld  of  coarse  be  an  expensive  nndertaking  under 
ordinary  circumstances  to  keep  the  mine  cool  for  the  men,  but  with 
the  coal  cutting  machine  the  owner  of  the  colliery  could  not  avoid 
throwing  cold  air  into  the  workings.  The  way  in  which  tlie 
machine  had  been  worked  at  some  collieries  where  there  was  a  night 
shift  was  to  undergo  a  lot  of  coal  in  the  night,  and  then  the  men 
went  down  the  pit  in  the  morning  to  get  it  during  the  day.  With 
regard  to  the  great  advantage  and  economy  of  the  machine  as 
compared  with  hand  labour,  it  should  be  borne  in  mind  that  one 
principal  reason  of  the  superiority  of  the  machine  was  that  the  pick 
when  worked  by  the  machine  was  guided  at  each  blow  with  perfect 
accuracy,  and  the  full  force  of  the  blow  was  concentrated  on  a 
narrow  pick,  so  that  it  cut  a  much  narrower  groove  than  the  collier 
could  possibly  do,  and  was  thus  enabled  to  undercut  a  much  greater 
length  of  coal  in  the  same  time  ready  to  be  benched  down :  the  first 
pick  cut  a  groove  of  only  2  inches  width,  the  second  If  inch,  and 
the  third  a  groove  only  1^  inch  wide.  The  average  width  of  the 
groove  from  the  face  to  the  innermost  extremity  was  therefore  not 
so  much  as  2  inches,  and  it  was  only  this  very  small  portion  of  coal 
that  had  to  be  cut  out  in  slack  by  the  machine,  in  place  of  the  large 
excavation  required  to  be  made  by  the  collier  for  undergoing  the 
coal  to  the  same  distance  in.  The  machine  was  thus  in  &ct  not  a 
coal  crushing,  but  literally  a  coal  cutting  machine. 

Mr.  Sampson  Llotd  enquired  how  many  of  the  machines  were 
now  at  work,  and  whether  in  any  instance  where  they  had  been 
introduced  they  had  afterwards  been  discarded. 

Mr.  F.  Levick  said  there  were  only  two  of  the  machines  yet  at 
work  in  the  present  form,  but  a  number  more  were  in  progress;  and 
there  were  as  many  as  twenty  or  thirty  holing  machines  in  use  upon 
the  previous  construction,  before  the  improvement  of  the  rotating 
headstock  had  been  added,  for  enabling  the  pick  to  work  at  all 
inclinations.  No  one  who  had  once  tried  the  machine  had  discarded 
it,  and  all  who  had  already  got  it  at  work  intended  to  employ  it 
more  extensively. 
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The  Ghaibman  suggested  that,  if  one  of  the  machines  were 
shown  at  work  in  the  Sonth  Staffordshire  district,  that  would 
he  a  satis&ctory  mode  of  practically  testing  its  capabilities  and 
advantages. 

Mr.  F.  Leyick  said  one  of  the  machines  had  been  shown  at 
work  above  ground  in  Manchester,  and  had  been  tried  upon  a  block 
of  Bath  stone  for  the  purpose,  from  the  bottom  of  which  it  cut  out 
a  groove  of  2  inches  width  with  great  facility,  quite  smooth  and 
clean. 

Mr.  F.  Smith  said  that  at  the  Earl. of  Dudley's  collieries  he 
should  be  happy  to  arrange  for  affording  every  facility  for  a 
thorough  practical  trial  of  the  coal  cutting  machine. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Levick  for  his 
paper,  which  was  passed. 


The  following  paper,  communicated  through  Mr.  Edward  Jones 
of  Wednesbury,  was  then  read : — 
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ON  PUDDLING  IRON  BY  MACHINERY. 


By  Mr.  HENBY  BENNSTT,  of  Wombkidob  Iron  Works. 


In  tlie  manufacture  of  wrought  iron  from  the  cmde  pig  iron,  the 
pnrifpng  of  the  metal  by  the  process  of  Puddling  involres  very 
heavy  and  long  continuous  hand  labour ;  since  the  metal,  after  being 
melted  in  the  puddling  furnace,  has  to  be  continuously  stirred  for  a 
considerable  time  whilst  boiling,  in  order  to  expose  it  thoroughly  to 
the  action  of  the  current  of  air  passing  through  the  furnace,  so  as 
to  effect  the  chemical  changes  required  for  the  separation  and 
removal  of  the  impurities  originally  combined  with  the  iron.  The 
metal  has  then  to  be  balled  up  into  separate  masses  of  about  }  cwt. 
each  for  the  shingling  hammer ;  and  the  whole  process  extends  over 
about  an  hour  from  the  time  of  melting  the  pig  iron  for  each  heat, 
of  which  six  are  worked  in  the  day. 

The  application  of  machinery  to  puddling  has  long  been  felt  to 
be  very  desirable,  on  account^  of  the  laborious  nature  of  the  process, 
owing  to  the  continuous  heavy  work  required  and  the  great 
heat  to  which  the  men  are  exposed;  and  the  simple  mechanical 
character  of  the  greater  portion  of  the  process,  which  consists  in 
merely  a  continuous  uniform  stirring  of  the  material,  renders  it  veiy 
suitable  in  that  respect  for  the  application  of  machinery.  But  the 
high  temperature  of  the  i^imace  and  the  necessity  for  not  interfering 
with  the  current  of  air  passing  through  it,  which  has  to  be  regulated 
and  changed  as  the  process  advances,  cause  great  practical 
'difficulties  in  successfully  carrying  out  the  application  of  machineiy 
in  place  of  hand  labour. 

Many  attempts  have  been  made  to  accomplish  puddling  by 
machinery.  A  rotary  furnace  has  been  tried,  having  the  portion 
containing  the  melted  iron  made  to  revolve  by  machineiy 
horizontally  upon  a  vertical  axis,  with  a  scraper  placed  across  it  for 
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Btirring  the  metal  as  it  revolved,  the  object  being  to  effect  the 
entire  operation  by  machinery;  but  the  practical  difficulties  in 
keeping  such  a  machine  at  work  and  obtarning  the  proper  result  in 
the  process  were  found  too  great  to  be  surmounted.  Yarious 
attempts  have  also  been  made  to  produce  an  action  similar  to  that 
of  the  hand  puddling  process,  by  means  of  machinery  more  or  less 
complicated ;  but  it  is  important  that  any  apparatus  for  the  purpose 
should  be  simple  in  construction,  and  not  liable  to  get  out  of  order 
under  the  rough  usage  of  the  men  by  whom  it  has  to  be  worked. 

In  the  plan  to  be  described  in  the  present  paper,  the  object  of 
the  writer  has  been  to  adhere  as  closely  as  possible  to  the  ordinary 
course  of  hand  puddling,  and  to  employ  machinery  simply  to  aid 
the  puddler  by  relieving  him  of  the  most  laborious  part  of  the 
work,  namely  the  stirring  or  working  of  the  metal  in  the  puddling 
furnace.  At  the  same  time  the  objects  aimed  at  have  been,  by  a 
more  rapid  and  uninterrupted  process  of  stirring  the  metal,  to 
shorten  the  time  of  the  puddling,  thereby  economising  fuel ;  to 
improve  the  quality  of  the  iron,  by  rendering  the  process  more 
uniform  and  perfect  than  with  hand  labour ;  and  to  increase  the 
yield  of  the  tiimace,  by  working  larger  charges  than  could  be  both 
puddled  and  balled  up  at  one  heat  by  hand  labour  alone. 

The  apparatus  is  shown  in  Figs.  1  to  4,  Plates  87  to  90,  which 
represent  it  as  applied  to  a  double  puddling  fdmace  worked  from 
both  sides.  Fig.  1  is  a  transverse  section  of  the  fdmace.  Fig.  2  a 
plan  of  the  top  of  the  furnace  showing  the  machinery,  Fig.  3  a 
longitudinal  section  of  the  furnace,  and  Fig.  4  a  sectional  plan 
showing  the  area  worked  over  by  the  machine. 

The  ordinary  puddling  tool  or  "rabble"  A  A,  Fig.  1,  is  worked 
backwards  and  forwards  in  the  puddling  frimace  by  the  vertical 
arm  B  B  outside  the  furnace,  to  which  it  is  connected  by  a  notch  in 
the  handle  of  the  rabble,  dropped  loosely  upon  a  pin  at  the  bottom  of 
the  working  arm.  This  arm  is  cottered  at  top  into  a  horizontal  square 
sHde  bar  G  C  overhead,  sliding  longitudinally  through  two  guide 
sockets  D  and  E,  and  worked  by  the  connecting  rod  F  F  from  the  main 
bar  O  G,  which  is  a  long  T  iron  bar  extending  horizontally  across  a 
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whole  row  of  puddling  ftimaces,  being  carried  by  rollers  1 1  in  tbe 
frame  fixed  upon  eacb  furnace ;  and  a  longitudinal  reciprocating 
motion  is  given  to  it  by  a  crank  at  one  end  driven  by  engine  power. 
The  guide  frame  or  sector  carrying  the  guide  sockets  D  and  E  of 
the  sliding  bar  C  is  centred  on  a  vertical  pin  immediatdj 
over  the  door  of  the  puddling  furnace,  and  the  outer  end  is  moved 
transversely  from  side  to  side  with  a  slow  reciprocating  traverse 
along  the  guiding  quadrant  H,  Fig.  2,  by  means  of  the  connecting 
rod  J  from  the  crank  K,  which  is  driven  through  a  worm  wheel  and 
screw  L  by  the  horizontal  shaft  M  M  extending  over  the  fhniaoes 
alongside  the  reciprocating  bar  Q. 

The  main  bar  G-,  Fig.  1,  works  at  a  speed  of  about  fifty  strokes 
per  minute,  and  has  a  length  of  stroke  of  2  ft.  10  ins.,  carrying  the 
rabble  with  the  same  length  of  stroke  across  the  floor  of  the 
ftimace,  as  shown  by  the  two  extreme  positions  in  the  transverse 
section,  Fig.  1,  and  the  sectional  plan,  Fig.  4.  The  transverse 
motion  given  by  the  crank  K,  which  makes  one  revolution  for  every 
seventy  strokes  of  the  rabble,  causes  the  direction  of  each  stroke 
to  change  gradually  between  the  two  extremes  of  the  goiding 
quadrant  H,  Fig.  2 ;  so  that  the  end  of  the  tool,  instead  of  moving 
backwards  and  forwards  always  in  the  same  line,  is  worked 
successively  over  every  portion  of  the  floor  of  the  frimace  within  the 
range  marked  by  the  dotted  linos  on  the  plan.  Fig.  4,  in  lines 
radiating  from  the  working  hole  in  the  door  of  the  furnace,  corre- 
sponding exactly  to  the  action  in  hand  puddUng.  In  the  double 
furnace,  with  a  door  on  each  side,  the  two  traversing  cranks  £  K  are 
set  at  right  angles  to  each  other,  so  that  the  two  rabbles  are  always 
working  in  different  parts  of  the  ftimace.  The  whole  of  the  machinery 
is  kept  clear  above  the  ftimace,  outside  and  completely  protected 
ftt>m  the  heat,  and  quite  out  of  the  way  of  the  men  ;  nothing  being 
exposed  to  the  heat  except  the  rabble  or  puddling  tool,  the  same  as 
in  hand  puddling. 

The  double  furnace  shown  in  the  drawings  is  exactly  the  same  in 
construction  in  all  respects  as  the  ordinary  single  puddling  fiimaoes, 
except  that  it  is  made  with  a  working  door  at  each  side,  and  is 
one  foot  wider  inside. 
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When  tibe  charge  of  pig  iron  is  melted  and  ready  for  the 
commencement  of  the  process  of  puddling,  the  apparatus  is  put  into 
action  hj  simply  dropping  the  notch  in  the  handle  of  the  rabble  A, 
Fig.  1,  on  to  the  pin  in  the  working  arm  B,  which  is  kept 
continuously  in  moti(5n  by  the  horizontal  reciprocating  bar  G 
working  overhead.  The  puddler  changes  his  tool  from  time  to 
time  as  it  becomes  heated,  by  simply  lifting  the  notch  in  the 
handle  off  the  pin  in  the  working  arm,  and  replacing  the  tool  with 
a  fresh  one,  without  stopping  the  machine;  and  when  the  iron 
begins  to  thicken,  he  takes  the  opportunity  of  each  change  of  tool 
to  make  a  few  strokes  by  hand,  in  order  to  collect  the  metal  frouL 
the  extreme  sides  of  the  furnace  into  the  centre,  which  is  found  to 
ensure  the  whole  charge  being  uniformly  worked.  The  usual  time 
of  working  with  the  machine  is  about  25  minutes  with  ordinary 
forge  pig  iron,  the  tool  being  changed  five  or  six  times ;  but  with 
grey  iron  the  time  of  working  is  much  prolonged.  In  the  latter  case 
the  machine  is  especially  serviceable,  since  the  iron  keeps  in  a  fluid 
state  much  longer,  and  requires  consequently  so  much  more  working; 
which  causes  the  labour  to  be  so  much  more  severe  in  the  case  of 
hand  puddling  that  there  is  great  difficulty  in  getting  the  men  to 
work  any  iron  that  is  very  grey.  With  the  machine  however  this 
causes  no  increase  of  labour  to  the  men,  and  only  increases  the  time 
of  the  process. 

When  the  iron  begins  to  thicken,  or  as  it  is  termed  is  "  coming 
to  nature,"  the  machinery  is  disconnected  without  stopping  it,  by 
simply  knocking  out  the  cotter  that  fixes  the  upper  end  of  the 
vertical  working  arm  B,  Fig.  1 ;  the  arm  then  drops  out,  leaving 
the  furnace  door  entirely  clear  for  the  puddler  to  ball  up  the  iron, 
which  is  done  exactly  in  the  same  manner  as  in  ordinary  puddling 
frmaces,  without  the  man  being  in  any  way  inconvenienced  by  the 
machineiy  continuing  at  work  overhead. 

The  general  objects  aimed  at  in  this  puddling  machine  have  been 
simplicity  of  construction  and  action,  and  small  cost  both  in 
construction  and  repair.  The  machine  has  nothing  in  it  liable  to 
get  out  of  order,  and  possesses  great  durability  in  the  working  parts. 
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Also  the  object  has  been  to  improve  the  qualify  of  the  iron  prodnced, 
by  its  being  more  thoroughly  and  nniformly  worked  than  is  done  by 
hand  labonr.  When  the  metal  is  in  the  boiling  state,  it  is  known 
that  the  more  work  is  put  into  it  the  better  is  the  qnahty  of  the 
iron  produced ;  and  this  work  is  necessarily  better  done  by  the 
machine  than  it  can  be  by  hand,  since  the  speed  of  working  wi& 
the  machine  is  one  half  greater,  and  the  working  is  kept  np 
uninterruptedly,  without  any  intervals  for  rest  such  as  in  hand 
labour,  during  which  the  metal  would  remain  stationary  in  the 
furnace. 

The  machine  is  applied  to  ordinary  single  puddling  fumaoee  bj 
employing  simply  one  half  of  the  apparatus  shown  in  the  drawings, 
without  any  alteration  being  required  in  the  ftumace,  the  frame 
of  the  apparatus  being  merely  attached  to  the  top  of  the  furnace. 
The  double  Aimace  shown  in  the  drawings  is  preferable  however,  as 
it  effects  a  great  economy  in  the  consumption  of  ftiel,  as  compared 
with  a  single  furnace ;  and  puddles  double  the  quantity  of  iron  in 
the  same  time.  With  the  single  furnaces  at  the  writer's  works,  and 
charges  of  5  cwts.,  the  consumption  of  coal  is  28  cwts.  per  ton  of 
puddled  bar  made ;  but  with  the  double  furnace  and  charges  of 
10  cwts.,  the  consumption  of  coal  is  only  17  cwts.  per  ton  of  puddled 
bar,  being  a  reduction  of  39  per  cent.  The  number  of  heats  or 
charges  worked  in  the  single  i^nace  is  six  heats  of  5  cwts.  each, 
and  in  the  double  ftimace  five  heats  of  10  cwts.  each,  per  tnm  of 
from  9  to  10  hours.  In  working  the  double  frimace  it  is  found  best 
to  have  one  puddler  only  and  two  underhands,  to  avoid  the  division 
of  responsibility  that  would  arise  in  the  case  of  two  puddlers 
working  the  same  charge  of  iron. 

The  yield  of  iron  in  working  5  cwts.  charges  in  the  single 
furnaces  is  18  cwts.  2  qrs.  21  lbs.  per  ton  of  pig,  or  93}  per  cent. ; 
and  with  the  double  j^imace  working  10  cwts.  charges  the  yield  is 
18  cwts.  2  qrs.  9  lbs.  per  ton  of  pig,  or  93  per  cent. 
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The  Chatkhan  regretted  tliat  Mr.  Bennett  was  nnezpectedlj 
prevented  from  attending  the  meeting;  but  the  manager  of  his 
works,  Mr.  Fisher,  was  present,  and  would  be  happy  to  afford  any 
farther  information  that  was  desired  respecting  the  puddling 
machine.  He  understood  that  the  machine  had  been  tried  at  the 
Old  Park  Iron  Works,  Wednesbury,  and  enquired  what  had  been 
the  experience  of  its  working  there. 

Mr.  P.  Babkeb  replied  that  they  had  had  two  of  the  puddling 
machines  described  in  the  paper  at  work  at  the  Old  Park  Iron 
Works  during  the  past  two  months,  with  very  satis^EK^tory  results. 
The  machines  worked  5  cwts.  of  iron  at  each  charge,  instead  of 
4  cwts.  previously  worked  by  hand,  and  with  the  same  amount  of 
fuel ;  they  had  been  worked  only  in  the  day  at  present,  as  there  had 
been  no  occasion  yet  to  work  them  constantly  both  night  and  day. 
As  j&r  as  the  work  done  was  concerned,  the  present  machine  had 
been  found  very  good  indeed  ;  but  he  thought  the  construction  was 
rather  complicated,  and  hardly  strong  enough  to  stand  the  rough 
usage  that  any  machinery  must  be  expected  to  meet  with  in 
connection  with  the  operation  of  puddling.  He  had  recently  seen 
also  a  puddling  machine  at  Mr.  Eastwood's  works  at  Derby, 
which  worked  an  ordinary  rabble  in  a  somewhat  similar  manner ; 
and  thought  that  machine  appeared  to  have  a  superiority  in  respect 
of  strength  and  durability. 

Mr.  Henbt  Maudslat  observed  that  if  the  machine  described  in 
the  paper  were  found  too  light  for  durability  [in  any  parts,  it  might 
easily  be  made  stronger  to  any  extent  desired.  It  appeared  to  him  to, 
be  a  well  designed  machine  for  the  purpose,  with  a  simple  and  direct 
action  for  working  the  rabble  equally  and  regularly  over  all  parts  of 
the  ftimace.  He  enquired  what  had  been  found  to  be  the  durability 
of  the  machines  at  the  Wombridge  Iron  Works. 

Mr.  W.  FiSHEB  replied  that  the  puddling  machines  had  now 
been  at  work  constantly  during  the  day  for  the  last  six  months  at 
the  Wombridge  Iron  Works,  and  continued  to  work  as  well  now  as 
they  did  when  they  were  first  started;  and  there  had  been  no 
occasion  to  repair  any  of  the  working  parts  since  then,  as  the 
machines  had  been  found  very  simple  and  strong.     A  man  went 
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round  twice  a  day,  and  pnt  a  little  oil  on  morning  and  evening ;  and 
they  could  be  worked  night  and  day  when  desired.  At  fibrst  there 
had  been  a  little  difficulty  in  introducing  the  machine ;  but  now  the 
men  felt  its  advantage,  and  were  anxious  to  have  it  employed  on 
night  work  also. 

The  six  months'  experience  of  the  working  of  the  machine  had 
shown  that  5  cwts.  of  iron  were  puddled  by  it  in  the  time  that  & 
man  would  take  to  puddle  4  cwts. ;  and  it  was  aJso  found  that  the 
machine  made  a  great  improvement  in  the  quality  of  the  iron. 
This  was  accounted  for  by  the  fact  that,  while  in  hand  puddling 
there  was  the  liability  of  the  underhands  frequently  neglecting  their 
work,  the  machine  went  steadily  on,  working  the  tool  constantly  to 
and  fro  in  the  furnace  without  any  intermission,  and  kept  the  iron 
well  stirred  during  the  whole  time  that  the  work  was  required  to  be 
put  into  it.  The  consequence  was  that  very  seldom  was  a  bit  of  raw 
iron  seen  from  the  puddhng  ftimaces  worked  by  the  nmchine ;  and 
the  puddled  bars  were  very  seldom  found  to  break  off  short  in  the 
rolling,  unless  the  iron  were  a  little  too  hot.  In  the  heavy  operation 
of  puddling  it  was  impossible  for  any  puddler  to  stand  up  to  his 
work  as  the  machine  did,  since  the  machine  never  tired,  but  kept  on 
steadily  at  the  work  without  rest,  and  at  a  quicker  rate  of  working 
than  in  hand  puddling.  By  using  the  machine  to  do  the  heavy 
part  of  the  work,  it  was  only  required  for  the  puddler  occasionallj 
to  disengage  the  tool  and  draw  the  iron  from  the  sides  of  the 
furnace  into  the  centre,  leaving  the  machine  during  the  rest  of  the 
time  to  perform  its  work  alone.  When  the  iron  was  ready  for 
balling  up,  the  puddler  came  fresh  to  the  work ;  and  from  the  men 
being  reKeved  of  the  severest  part  of  the  labour,  the  frimaces  worked 
by  the  machine  turned  out  about  5  cwts.  at  each  heat  and  six  heats 
during  the  day,  with  the  same  quantity  of  fuel  as  was  used  for  the 
ordinary  heats  of  only  4  cwts.  in  hand  puddling  with  six  heats  per 
day.  The  average  result  of  the  day's  work  with  the  machine  was 
about  28f  cwts.  of  puddled  iron  from  30  cwts.  of  pig  iron,  as 
compared  with  about  22  J  cwts.  of  puddled  iron  from  24  cwts.  of  pig 
iron  by  hand  puddling.  The  improvements  effected  by  the  machine 
were  therefore  that  it  produced  a  better  quality  of  iron  with  a 
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decreased  consumption  of  fiiel,  and  tnmed  out  more  iron  in  the 
same  time.  The  machine  did  not  interfere  with  the  wages  of  the 
nnderhands,  as  they  had  to  be  employed  the  same  as  without  the 
machine ;  whilst  the  pnddler's  wages  were  increased  bj  his  being 
enabled  to  turn  out  more  iron  in  the  same  time. 

The  Chairman  enquired  how  many  of  the  puddling  machines 
described  in  the  paper  there  were  at  work,  and  what  was  the  longest 
time  that  any  one  had  been  in  use. 

Mr.  W.  FiSHEB  replied  that  they  had  six  of  the  machines  now  at 
work  at  the  Wombridge  Iron  Works,  and  there  were  also  two  at 
the  Old  Park  Iron  Works,  Wednesbury,  one  at  the  Horsehay  Iron 
Works  near  Wellington,  three  or  four  in  the  North  of  England,  and 
about  a  dozen  in  South  Wales.  The  longest  had  now  been  at  work 
nearly  twelve  months.  In  the  first  machine  the  traversing  motion 
of  the  guiding  quadrant  was  given  by  a  rack  and  pinion  reversed 
by  a  mangle  motion ;  but  this  was  now  replaced  by  the  crank 
motion  shown  in  the  drawings,  which  was  a  simpler  arrangement. 

Mr.  P.  Smith  enquired  whether  it  was  necessary  for  the 
puddling  furnaces  to  be  placed  in  any  particular  position,  in  order 
that  the  machines  might  be  employed  to  the  best  advantage.  At 
the  Earl  of  Dudley's  new  ironworks  at  Bound  Oak,  the  puddling 
furnaces  were  placed  in  a  semicircle,  which  was  considered  the  most 
eHgible  arrangement :  and  he  did  not  see  how  the  mode  of  working 
the  machines  by  means  of  a  long  bar  driven  by  a  crank,  as 
described  in  the  paper,  could  be  made  applicable  in  that  case. 

Mr.  W.  FiSHEB  repHed  that  the  best  arrangement  as  regarded 
the  working  of  the  puddling  machines  was  to  place  the  furnaces 
back  to  back  in  pairs,  and  then  the  single  long  bar  running  from 
end  to  end  of  the  forge  would  work  as  many  pairs  of  ^imaces  as 
were  placed  under  it. 

Mr.  Sampson  Lloyd  observed  that  in  regard  to  the  circular 
arrangement  of  the  puddling  ftimaces  the  adoption  of  small  donkey 
engines  for  working  each  machine  or  each  pair  of  machines  would 
completely  obviate  all  difficulty,  and  would  allow  of  placing  the 
puddling  machines  in  any  positions  that  might  be  desired,  while  the 
difference  of  cost  would  be  comparatively  little. 
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Mr.  W.  Mathews  remarked  tliat  there  were  three  essential  points 
to  be  considered  in  connection  with  the  application  of  machinery  to 
puddling :  namelj,  the  quality  of  the  iron  produced,  the  quantity  of 
the  yield,  and  the  saving  of  fuel ;  and  he  enquired  whether  the  use 
of  the  puddling  machine  materially  affected  the  quality  of  the 
puddled  bar  produced,  under  the  same  conditions  that  applied  to 
ordinary  hand  puddling,  with  a  reasonable  proportion  of  grey  iron 
suppHed  to  the  puddUng  ftimace  for  each  charge. 

Mr.  W.  FiSHEB  replied  that,  whilst  with  hand  puddling  the 
puddled  bar  broke  very  short  and  the  general  quality  was  indifferent, 
the  iron  puddled  by  the  machine  was  much  superior  in  quality, 
strong  and  fibrous.  The  yield  was  much  greater  in  puddling  by  the 
machine,  as  there  was  less  liability  of  the  pig  iron  being  burnt  in  the 
ftimace  for  want  of  regular  stirring ;  and  in  respect  to  saving  of 
^el,  a  heat  of  grey  iron  was  now  puddled  by  the  machine  with  the 
same  amount  of  fael  that  was  required  in  hand  puddling  for  a  heat 
of  only  conmion  forge  pig. 

Mr.  W.  Mathews  remarked  that  if  this  were  the  case,  and  if 
there  were  no  inconvenience  in  making  the  machine  as  strong  as 
might  be  found  necessary  to  ensure  its  durability,  there  appeared  no 
doubt  that  very  important  advantages  would  result  firom  the 
substitution  of  the  machine  in  place  of  hand  puddling,  particulariy 
in  rendering  the  masters  independent  to  a  great  extent  of  puddlers. 
The  application  of  mechanical  means  to  puddling  had  been  attended 
with  so  many  difficulties  that  it  had  not  been  practically  accomplished 
hitherto,  and  the  puddlers  had  thus  been  virtually  able  to  make 
their  own  terms  with  their  employers ;  and  how  the  latter  were  to 
get  out  of  this  di£B.culty  was  a  question  of  great  importance  at  the 
present  time.  The  extension  of  commercial  operations  had  far 
outstripped  the  increase  of  population,  and  he  therefore  did  not 
anticipate  that  the  introduction  of  puddling  machines  would  in  any 
material  degree  deprive  the  puddlers  of  employment ;  since,  notwith- 
standing the  extent  to  which  machinery  had  been  already  substitated 
for  manual  labour  in  all  branches  of  industry,  the  demand  for  lahonr 
was  as  a  rule  constantly  in  excess  of  the  supply.  He  accordingly 
looked  with  a  great  deal  of  interest  on  the  puddling  machine,  as 
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tending  to  advance  the  social  condition  of  the  men  as  well  as  to 
solve  a  great  difficulty  for  the  masters,  and  should  do  all  he  could 
to  aid  its  introduction  and  adoption  in  general  use :  and  he  intended 
to  take  an  early  opportunity  of  seeing  it  in  operation  at  the  works 
where  it  was  already  employed. 

Mr.  G.  Beard  thought  the  mode  of  working  the  rabble  in  the 
puddling  machine  shown  in  the  drawings  was  by  too  rigid  a 
connection :  and  he  enquired  whether  any  difficulty  had  been  met 
with  on  that  account  when  the  puddler  happened  to  put  rather  too 
much  fettling  into  the  furnace,  from  the  tool  disturbing  the  fettling. 
The  success^  management  of  the  fettling  was  a  very  important 
element  in  the  working  of  puddling  furnaces,  that  the  iron  might 
not  be  put  in  the  furnace  before  the  fettling  was  properly  melted, 
and  that  the  fettling  might  not  be  disturbed  by  the  rabble  in 
working ;  since  if  any  of  the  fettling  got  into  the  iron,  it  could 
never  be  separated  from  it.  There  would  also  be  a  risk  he  thought 
of  a  rigid  tool  raking  the  iron  over  the  fore  plate  and  wasting  the 
metal,  which  would  not  be  the  case  with  a  more  elastic  tool  and  a 
man  guiding  it.  At  the  Begent  Iron  Works,  Bilston,  he  had  three 
of  Griffiths'  puddling  machines  at  work,  and  had  at  first  found  a 
difficulty  owing  to  the  rigidity  of  the  arm  working  the  tool,  which 
caused  the  tool  to  pull  out  the  fettling;  but  this  had  now  been 
overcome  by  using  a  lighter  suspending  hanger  for  working  the  tool, 
so  that  the  tool  travelled  only  the  required  length  of  stroke,  and  the 
elasticity  of  the  hanger  allowed  it  to  spring  a  little  at  either  end  of 
the  stroke  whenever  necessary ;  and  the  tool  was  moreover  guided 
by  a  man  during  the  whole  time  of  working. 

His  own  experience  of  the  results  of  puddling  by  machinery 
was  that  it  was  a  decided  improvement  in  all  respects.  The  first 
advantage  gained  was  that  the  quality  of  the  iron  made  was 
improved,  by  its  being  worked  vdth  much  greater  regularity  than  a 
man  could  work  it,  and  it  was  much  cleaner  by  the  time  it  was  ready 
for  balling  up.  He  had  found  the  iron  puddled  by  the  machine  was 
as  good  as  that  worked  by  hand  when  the  pigs  used  vnth  the 
machine  were  Zs.  or  4*.  per  ton  less  in  price  than  those  used  in  hand 
puddling.     Another  advantage  was   that  much  larger  quantities 
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could  be  puddled  by  the  machine  and  witb  a  smaller  quantity  of 
coal :  at  bis  own  works  tbe  quantity  of  iron  worked  by  each  of  the 
three  puddling  machines  was  6  cwts.  per  heat,  and  fire  heats  per 
turn,  and  he  saw  no  reason  why  the  make  should  not  be  increased 
to  2  tons  per  turn  from  each  furnace,  by  working  kurger  heats.  At 
present  however  the  men  got  out  the  iron  much  better  in  working 
6  cwts.  heats  than  they  would  do  with  heavier  charges.  The  rate 
of  wages  paid  to  the  men  was  the  same  with  the  machines  as 
in  hand  puddling. 

Mr.  W.  Fishes  explained  that  in  the  machine  described  in  the 
paper  the  rabble  had  two  nicks  made  in  it  at  about  6  inches  distance 
apart,  either  of  which  could  be  slipped  over  the  pin  of  the  arm 
working  the  rabble,  according  to  the  distance  to  which  the  tod  was 
required  to  be  worked  in  the  fiimace.  On  first  starting  a  fresh  heat 
after  fettling  the  furnace,  the  tool  was  first  worked  at  its  shortest 
length  by  means  of  the  inner  nick,  so  as  not  to  travel  so  far  towards 
the  back  of  the  furnace ;  and  afterwards  it  was  changed  to  the  other 
nick  for  working  to  its  ftdl  distance  in  the  furnace.  There  was  no 
risk  of  the  tool  disturbing  the  fettling  in  working,  as  the  rabble 
merely  rested  loosely  with  its  weight  upon  the  bottom  of  the  fnmaoe, 
just  the  same  as  in  hand  working.  A  great  deal  of  TesponfidbOity 
rested  upon  the  man  attending  to  the  machine,  as  regarded  the 
proper  condition  of  the  fettling,  and  great  care  was  necessaxy  on  the 
part  of  the  foreman  to  see  that  this  was  properly  looked  after.  The 
fiimace  should  be  well  heated  and  the  fettling  melted  and  well 
knocked  up  before  the  charge  was  allowed  to  be  put  in ;  for  if  the 
fettling  were  simply  thrown  in  and  not  properly  broken  up  and 
melted,  it  was  of  course  likely  to  get  mixed  with  the  iron  in 
puddling ;  but  when  well  knocked  up  in  the  first  instance^  while 
hot  and  soft,  it  was  found  to  stand  as  well  as  if  it  had  been  laid  on 
with  a  trowel. 

In  reference  to  the  quantity  of  iron  in  the  charges,  they  had 
worked  6  cwts.  charges  with  the  machine  at  the  Wombridge  Iron 
Works  in  the  same  time  as  5  cwts.,  and  in  less  time  than  the  usual 
4  cwts.  heats  puddled  by  hand  labour ;  and  he  had  no  doubt  6  cwts. 
would  ultimately  be  reached  as  the  regular  charge  with  the  machines 
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wherever  they  were  employed.  At  first  there  had  been  a  difficulty 
in  getting  the  men  to  work  more  than  five  heats  in  the  day,  and  they 
vrere  allowed  to  remain  at  that ;  but  when  one  man  had  succeeded 
in  working  six  heats  per  day  regularly,  the  others  wanted  to  get  as 
much  out  of  their  furnaces,  and  found  they  could  readily  do  it ;  and 
six  heats  per  day  was  now  the  regular  make  of  each  of  the  furnaces 
worked  by  the  puddling  machines.  He  should  be  happy  to  show 
the  working  of  the  machines  at  any  time,  as  they  were  in  regular 
work  every  day. 

The  Ghaibhan  proposed  a  vote  of  thanks  to  Mr.  Bennett  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated. 
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